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Agricultural  education  is  passing  through  a  metamorphic  stage  of  development, 
which  hinges  upon  teaching,  research  and  extension  interface.  Having  achieved 
the  tremendous  progress  in  research  and  technology  transfer,  the  focus  of  planning 
is  now  on  Human  Resource  Development  and  Human  Resource  Management  in 
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totally  new  environnient  having  the  characteristics  of  globalization,  internationali¬ 
zation,  innovation  and  skills  development.  In  these  new  paradigms,  ICAR  has 
started  providing  necessary  facilities  and  help  to  those  teachers  who  bring  out 
textbooks  and  manuals  written  with  a  practical  bias. 

The  Textbook  of  Vegetables ,  Tubercrops  and  Spices  is  a  valuable  addition  to  the 
upcoming  collection  of  literature  for  undergraduate  students.  I  appreciate  the  com¬ 
mendable  efforts  made  by  Dr  SHhamburaj,  former  Dean,  College  of  Horticulture 
and  Research  Institute,  Tamil  Nadu  Agricultural  University,  Coimbatore  and 
Dr  Narender  Singh,  Former  Head,  Vegetable  Crops  Division,  Indian  Agricultural 
Research  Institute,  New  Delhi  in  editing  this  publication.  The  scholarly  contributions 
made  by  different  scientists  form  the  strong  backbone  of  the  publication.  I  am 
sure  that  this  publication  will  be  an  important  source-book  for  the  stakeholders  in 
agricultural  teaching. 
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Preface 


Horticulture  is  gaining  importance  as  it  gives  more  return  per  unit  area  and  also 
gives  nutritious  food  to  human  beings  thereby  improves  quality  of  life  and  enhances 
the  aesthetic  beauty  in  nature.  Indian  Council  of  Agricultural  Research  has  recog¬ 
nized  the  education  curricula  and  tried  to  bring  uniformity  in  agricultural  education 
in  the  country. 

We  are  thankful  to  the  Education  Division,  Indian  Council  of  Agricultural 
Research  for  entrusting  us  with  the  job  of  preparing  this  textbook  for  under¬ 
graduates  in  horticulture  especially  vegetable  science.  The  textbook  Vegetables, 
Tubercrops  and  Spices  is  written  as  per  revised  syllabus  of  vegetable  science  for 
undergraduate  students  of  the  entire  country.  The  authors  for  different  chapters 
are  eminent  scientists,  teachers  and  vegetable  specialists  of  the  country  and  have 
spent  most  of  their  life  in  the  field  of  vegetable  science  research.  We  are  extremely 
thankful  to  them  for  sparing  their  valuable  time. 

We  are  sure  that  this  textbook  will  be  extremely  useful  to  undergraduate  students 
and  teachers.  This  will  also  find  favour  among  vegetable  research  workers,  extension 
workers  and  farmers  of  the  country. 

We  are  thankful  to  Dr  R  S  Paroda,  DG  and  Secretary  DARE,  Dr  S  L  Mehta,  the 
then  DDG  Education,  Dr  K  L  Chadha,  former  DDG(H)  and  National  Professor 
(Horticulture)  and  Dr  Kirti  Singh,  former  Chairman  ASRB  and  living  dion  of 
vegetable  science  for  giving  valuable  suggestions  and  encouragement  for  preparing 
this  book. 

Our  thanks  are  due  to  Dr  D  Veeraragavathatham  and  Dr  Vijay  Kumaran  of 
TNAU  Coimbatore,  Dr  A  K  Chakrabarti,  Dr  Netrapal,  Dr  S  R  Sharma,  Dr 
Gyanendra  Singh,  Mrs  Sheela  Khullar,  Mr  Vimal  Kant  and  other  scientific  staff  of 
Division  of  Vegetable  Crops,  LARI,  New  Delhi  for  providing  unlimited  help  in 
preparing  and  checking  the  manuscript. 


TThamburaj 
Narendra  Singh 
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Vegetables  comprise  of  a  large  number  of  plants,  mostly  annual,  of  which  different 
parts  like  leaf,  stem,  flower  bud,  flower,  fruit,  root  etc.  are  eaten.  They  are  rich  in 
nutrients  and  are  essential  items  of  a  balanced  diet.  Vegetables  are  called  protective 
food  as  their  consumption  can  prevent  several  diseases.  Many  vegetables  are 
important  items  of  commerce  and  thus  can  play  a  major  role  in  the  economic 
development. 

VEGETABLES  AS  A  SOURCE  OF  NUTRIENTS 

We  eat  food  for  sustenance  of  our  body.  The  food  we  eat  contains  nourishing 
substances  called  nutrients.  There  are  five  major  nutrients,  namely  carbohydrates, 
proteins,  fats,  minerals  and  vitamins.  The  first  three  are  required  in  larger  quantities 
and  all  of  them  supply  energy  to  keep  the  body  going.  Vitamins  and  minerals  are 
required  in  small  amounts.  They  do  not  supply  energy  but  are  required  for 
physiological  processes  and  metabolic  activities  of  our  body.  Vegetables  and  fruits 
are  the  only  natural  sources  of  protective  food  supplying  all  the  nutrients  especially 
minerals,  vitamins  and  crude  fibre.  Vegetables  are  rich  in  and  are  comparatively 
cheaper  source  of  vitamins  and  minerals.  They  are  not,  in  general,  considered  to 
be  the  primary  source  of  carbohydrate,  protein  and  fat.  However,  some  of  them 
with  underground  storage  roots  and  tubers  are  rich  in  carbohydrate,  particularly 
starch,  m  quantities  comparable  with  cereal  crops.  Vegetables  which  are  rich  source 
of  carbohydrate  are  potato,  sweet  potato,  colocasia,  yam,  tapioca  or  cassava, 
elephant-foot  yam  etc.  The  leguminous  vegetables  such  as  pea,  cowpea  and  all 
beans  like  french  bean,  hyacinth  or  lablab  bean,  broad  bean,  cluster  bean  etc.  are 
rich  in  protein  and  supply  as  high  as  14%  protein,  the  dry  seeds  supplying  still 
more.  Vegetables  are  not  rich  in  fat  content  which  is  less  than  0.1%  in  most  of 
them.  Most  of  the  leafy  vegetables  and  root  crops  are  rich  in  minerals.  Major 
mineral  elements  which  are  obtained  from  vegetables  are  calcium,  iron  and 
phosphorus.  Some  of  the  leafy  vegetables  are  also  rich  in  micro-elements  such  as 
copper,  manganese  and  zinc.  Vitamin  A  is  produced  m  our  body  from  carotene 
which  is  present  in  higher  amounts  in  leafy  vegetables,  carrot,  sweet  potato,  pumpkin, 
colocasia,  turnip  green,  knol  khol  leaves  etc.  Vitamin  B  is  present  in  appreciable 
amount  in  pea,  beans,  garlic,  tomato,  colocasia,  asparagus  etc.  itajmin  C  rich 
vegetables  are  cauliflower,  cabbage,  knol  khol,  turnip,  tomato,  pepper,  drumstick 
leaves,  fenugreek  leaves,  amaranth  etc.  Most  leafy  vegetables  are  rich  in  carotene 
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(provitamin  A),  riboflavin  (vitamin  B2)  and  minerals.  It  has  been  estimated  that 
lOOg  of  tropical  leafy  vegetables  can  provide  60-1 40mg  of  ascorbic  acid  (vitamin 
C),  lOOpg  of  folic  acid,  4-7mg  iron  and  200-400mg  of  calcium.  Consumption  of 
lOOg  of  leafy  vegetables  a  day  can  supply  15%  or  more  of  the  total  protein  intake. 
Only  30g  of  leaves  will  be  sufficient  to  meet  the  requirements  of  vitamin  A  and  C. 
The  B  vitamins  (thiamin,  riboflavin  and  niacin)  will  be  increased  by  15-30%,  and 
the  entire  requirement  of  folic  acid  will  be  met.  Vegetables  also  play  a  key  role  in 
neutralizing  the  acids  produced  during  digestion  of  proteins  and  fatty  foods  and 
also  provide  roughages  in  the  form  of  dietary  fibre  which  help  in  digestion  and 
bowel  movement.  The  nutrient  composition  of  vegetables  is  given  in  Table  1. 

Balanced  diet 

Vegetables  play  an  important  role  in  the  balanced  diet  by  providing  not  only 
energy  but  also  supplying  vital  protective  nutrients  like  minerals  and  vitamins. 
Scientists  in  India  have  carried  out  several  careful  experiments  to  find  out  how 
much  of  each  nutrient  is  needed  by  persons  of  various  ages  every  day.  The 
requirement  varies  with  age  and  a  man  needs  more  calories  (energy)  and  proteins 
than  a  woman.  When  a  woman  is  pregnant  or  nursing  a  baby,  her  need  for  calories 
and  proteins  goes  up.  She  also  needs  more  calcium,  iron  and  vitamins.  Indian 
Council  of  Medical  Research  (ICMR)  has  given  a  recommendation  that  an  average 
man  needs  daily  a  diet  which  can  provide  2,800  calories,  55g  protein,  450mg  calcium, 
20mg  iron,  3000(lg  (3-carotene  vitamin  A,  50mg  vitamin  C,  lOOpg  folic  acid,  l.Opg 
vitamin  B12,1.4mg  thiamine,  1.5mg  riboflavin,  19mg  niacin  and  5(ig  vitamin  D. 
Lists  have  been  drawn  up  showing  the  quantities  of  different  food  materials  which 
men,  women  and  children  of  various  age  groups  should  eat  every  day  to  get  these 
nutrients.  These  are  called  balanced  diets.  It  has  been  said  earlier  that  vegetables 
play  an  important  role  in  a  balanced  diet.  According  to  the  recommendation  given 
by  ICMR,  an  average  man  with  vegetarian  or  non  vegetarian  food  habit  should 
consume  125g  of  green  leafy  vegetables,  lOOg  of  roots  and  tubers  and  75g  other 
vegetables.  The  recommendation  for  an  average  woman  is  more  or  less  same  with 
exception  in  roots  and  tubers  which  should  be  consumed  @  75g  per  day. 

Flavour  compounds 

In  addition  to  their  role  in  nutrition,  vegetables  increase  attractiveness  and 
palatability  of  a  diet  by  providing  sensory  appeal  through  their  variety  of  colour 
and  flavour.  They  contain  some  volatile  flavour  compounds  in  the  intact  tissues 
while  some  are  produced  by  the  action  of  enzymes  when  the  tissue  is  cut  or  crushed. 
The  flavour  compounds  in  vegetables  include  (l)  volatiles  like  aldehydes,  ketones, 
alcohols,  sulphur  compounds,  aromatic  hydrocarbons  etc.  and  (ii)  non-volatiles 
like  organic  acids,  sugar,  fatty  acids  and  ammo  acids.  The  characteristic  flavour  of 
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cole  crops  is  due  to  volatile  sulphur  compound  dimethyl  trisulphide.  Similarly  the 
pungency  and  flavour  of  onion  are  due  to  a  volatile  sulphur  compound  allyl  propyl 
disulphide.  The  garlic  flavour  is  caused  by  sulphur  compound  diallyl  disulphide. 

Toxic  substances 

Some  vegetables  contain  harmful  chemical  compounds  such  as  trypsin  inhibitors, 
phytate  and  oxalate,  which  pose  serious  nutritional  problems.  Trypsin  inhibitors 
are  found  in  beans,  particularly  raw  soybeans  which  inhibit  proteolytic  enzyme 
activity.  Thus,  hydrolysis  of  proteins  to  ammo  acids  is  affected.  Phytic  acid  (inositol 
hexaphosphoric  acid)  present  in  mature  seeds  of  peas  and  beans,  can  combine 
with  calcium  and  iron  from  other  foods  in  the  diet  and  render  them  unavailable, 
thereby  causing  deficiency  of  these  minerals  in  the  body.  Some  leafy  vegetables, 
namely  amaranth,  Portulaca,  Celosia  and  Basella  and  root  vegetables  like  colocasia 
contain  appreciable  amounts  of  oxalic  acid  and  oxalates.  Oxalic  acid  converts  calcium 
from  food  consumed  to  insoluble  calcium  oxalate,  rendering  it  unavailable  for 
absorption.  Calcium  oxalate  present  as  fine  crystals  in  colocasia  and  elephant  foot 
yam  can  cause  itching  of  the  fingers  and  pricking  sensation  of  the  tongue  and 
throat.  This  problem  can  be  overcome  by  adding  a  little  tamarind  or  citric  acid  to 
the  cooking  water  and  then  discarding  the  water.  Tapioca  leaves  contain  some 
glucosides  which  may  liberate  toxic  hydrocynic  acid  by  the  action  of  enzyme  in  the 
stomach.  It  is  highly  volatile,  and  therefore  any  preparation  involving  heating  renders 
leaves  harmless.  Some  species  of  yam  ( Dioscorea  sp.)  contain  a  toxic  alkaloid, 
diosconne,  which  can  be  made  harmless  by  boiling.  Potato  tubers,  when  exposed 
to  light  become  green  and  produce  an  alkaloid,  solanin  which  is  bitter  in  taste  and 
is  harmful  when  consumed  in  large  amounts. 

VEGETABLES  IN  DISEASE  PREVENTION 

Apart  from  providing  nutrition,  vegetables  provide  protection  against  many  diseases. 
They  are  used  in  traditional  system  of  medicine  in  several  countries  including  India. 
For  example,  bitter  gourd  is  used  in  India  for  treating  diabetes;  the  ash  gourd  is 
useful  for  patients  with  weak  nervous  system.  The  use  of  vegetables  in  traditional 
system  of  medicine  has  been  dealt  with  under  individual  vegetables  in  this  book. 
With  the  advancement  of  science,  researchers  have  identified  several  chemical 
compounds  from  vegetables  which  have  therapeutic  effect  against  several  ailments. 
These  compounds  are  known  as  phytoceuticals.  Most  potent  among  them  are 
antioxidants  and  bioflavonoids. 

Antioxidants 

These  are  substances  which  neutralize  free  radicals  that  are  formed  during 
metabolism  of  foods,  or  by  smoking,  or  exposure  to  pollutants.  Until  neutralised, 
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free  radicals  damage  various  body  cells  thus  causing  many  degenerative  diseases 
associated  with  ageing,  such  as  heart  disease,  cancer,  arthritis  etc.  They  can  attack 
blood  vessels  causing  thickening  of  the  arteries  and  can  damage  brain  cells  causing 
loss  of  memory,  paralysis  etc.  Antioxidants  neutralize  these  free  radicals  neutralising 
thus  defending  the  body  from  the  damage  caused  by  them.  Our  body  produces 
some  antioxidant  enzymes  which  prevent  free  radical  damage.  Free  radicals  are 
also  neutralised  by  vitamins  (A,  Bt  B5  B6>  niacin,  C,  E),  minerals  like  selenium  and 
amino  acids,  some  of  which  are  present  in  adequately  higher  amounts  in  some 
vegetables.  For  example,  most  leafy  vegetables,  carrot,  sweet  potato,  pumpkin  and 
turnip  green  are  rich  in  betacarotene  (pro  vitamin  A);  beans  and  pea  are  rich  in 
essential  ammo  acids. 

Bioflavonoids 

Bioflavonoids  which  are  compounds  closely  associated  with  vitamin  C  are  found 
in  several  vegetables.  They  increase  the  efficiency  of  vitamin  C  and  protect  the 
body  from  free  radicals.  One  such  bioflavonoid  identified  from  onion  and  garlic 
is  quercetin,  which  has  been  indicated  to  give  protection  against  cancer  and  heart 
diseases. 

Other  compounds 

Onion  and  garlic  contain  several  sulphur  compounds  such  as  allicin,  allistalin, 
garlicin,  diallyl  disulphide, diallyl  trisulphide  and  allyl  propyl  disulphide  which  are 
effective  in  reducing  harmful  blood  cholesterol,  thus  preventing  coronary 
thrombosis,  heart  attack  and  stroke.  They  are  also  effective  against  some  bacteria. 
Cole  crops  contain  indoles  and  dithiolthiones  which  are  effective  in  prevention  of 
cancers  of  the  colon,  rectum  and  breast.  A  hypoglycaemic  ingredient,  cheratin,  has 
been  isolated  from  the  fruits  of  bitter  gourd  which  is  effective  against  diabetes. 
Diphenyl  amine  found  in  onion  is  also  effective  against  diabetes.  Leguminous 
vegetables  reduce  blood  cholesterol  concentration  thus  preventing  heart  attack 
and  stroke.  Celery  contains  3-n-butyl  pthalide  which  is  effective  against  hypertension. 
Some  chemicals  that  help  lower  cholesterol  from  the  blood  have  been  detected 
from  brinjal.  It  is  also  rich  in  bioflavonoids  which  can  prevent  stomach  cancer. 
Certain  species  of  yams  contain  a  substance  called  diosgenin  which  is  used  in  the 
manufacture  of  cortisone  and  contraceptive  drugs. 

VEGETABLES  IN  THE  ECONOMY 

India  is  the  world’s  second  largest  producer  of  vegetables  next  only  to  China. 
Vegetable  crops  in  India  occupy  only  2.8%  of  the  total  cultivated  land  producing 
87.5  million  tonnes  of  vegetables  annually  including  potato  from  an  area  of  5.8 
million  ha.  India  shares  12%  of  world  production  of  vegetables  with  a  productivity 
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Table  2  Production  of  vegetables*  in  leading  states  of  India  (1997-98) 


States 

Area 

(million  ha) 

Production 
(million  tonnes) 

Productivity 

(tonnes/ha) 

West  Bengal 

1.1 

16.4 

14.9 

Uttar  Pradesh 

0.6 

12.7 

19.8 

Orissa 

0.9 

10.1 

11.4 

Bihar 

0.6 

9.4 

15.2 

Tamil  Nadu 

0.2 

5.7 

27.1 

Karnataka 

0.3 

4.9 

15.9 

Maharashtra 

0.3 

4.5 

13.2 

Andhra  Pradesh 

0.3 

3.5 

14.2 

‘Including  potato 

Source:  Indian  Horticulture  Database,  National  Horticulture  Board  (2000). 


of  about  15  tonnes  per  ha  which  is  quite  low  as  compared  to  many  countries.  The 
present  production  is  not  sufficient  to  meet  the  requirement  of  285g  of  vegetables, 
on  an  average,  per  capita  per  day.  At  present  our  per  capita  availability  is  around 
145g  per  day.  By  the  end  of  2030,  according  to  an  estimate,  we  will  need  151-193 
million  tonnes  of  vegetables  to  meet  our  requirement.  Therefore,  it  is  necessary 
that  production  of  vegetables  including  root  and  tuber  crops  is  increased  at  a 
much  faster  rate.  Area,  production  and  productivity  of  leading  vegetable  producing 
states  of  India  are  given  in  Table  2. 

Vegetable  crops  give  higher  yield  per  unit  area  as  compared  to  other  crops. 
Most  of  the  vegetables,  if  properly  grown,  can  give  six  to  ten  times  more  yield  than 
any  cereal  crop.  Presently,  yield  per  unit  area  of  most  of  the  vegetables  in  India  is 
very  low.  There  exists  lot  of  scope  for  increasing  yield  in  most  of  the  vegetables  by 
growing  high  yielding  varieties/hybrids  and  adopting  improved  production 
technologies.  This  will  ensure  a  balanced  diet  to  the  common  man  and  a  higher 
income' to  the  farmers.  This  will  also  generate  additional  farm  employment. 
Cultivation  of  vegetable  crops  being  more  labour  intensive  than  cereal  crops  will 
be  helpful  for  seasonally  under-employed  farm  workers  in  increasing  their  income. 
Most  vegetable  crops  are  of  short-duration.  With  proper  planning,  three  or  more 
crops  can  be  grown  in  the  same  plot  in  one  year. 

Export 

Another  important  area  is  export  of  fresh  or  processed  vegetables.  Today, 
horticultural  crops  contribute  about  25%  of  the  total  agricultural  exports  of  the 
country.  During  1997-98,  India  exported  fresh  vegetables  worth  Rs  306.33  crore 
and  processed  vegetables  worth  Rs  108.88  crore.  It  also  exported  fruit/vegetable 
seeds  worth  Rs  56.07  crore,  thus  earning  valuable  foreign  exchange  for  the  country. 
Of  all  the  fresh  vegetables  exported,  the  share  of  onion  is  around  75%.  Other 
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traditional  vegetables  which  are  presently  exported  are  potato,  gherkin  or  small 
cucumber,  okra,  bitter  gourd,  chilli,  cauliflower  and  some  root  vegetables. 

In  addition  to  these  traditional  vegetables,  non-traditional  vegetables  which  have 
been  identified  by  the  Agricultural  and  Processed  Food  Products  Export 
Development  Authority  (APEDA)  to  have  export  potential  are  asparagus,  celery, 
sweet  pepper,  sweet  corn,  baby  corn,  green  pea,  french  bean  and  cherry  tomato. 
Among  processed  vegetables,  major  demand  is  for  dehydrated  onion  and  garlic 
and  preserved  gherkin  or  small  cucumber.  Canned  and  frozen  vegetables  also  have 
good  demand.  Countries  which  import  traditional  vegetables  like  onion,  potato, 
okra,  bitter  gourd  and  chilli  are  Gulf  countries,  Singapore,  Malaysia,  Sri  Lanka, 
Bangladesh  and  Nepal.  Non-traditional  vegetables  are  exported  to  European 
countries,  Australia,  Gulf  countries  and' South-East  Asian  countries.  Cole  crops 
and  root  vegetables  are  much  in  demand  in  temperate  countries  during  winter.  In 
India,  these  vegetables  are  grown  in  the  open  during  winter  and  thus  the  cost  of 
production  is  less  as  compared  to  those  grown  under  protective  cover.  There  is  lot 
of  opportunity  for  exporting  these  vegetables  to  the  European  and  North  American 
countries  from  India.  Presently,  our  share  in  world  export  market  is  very  negligible. 
If  we  are  to  make  our  presence  felt  in  the  export  market,  considerable  development 
is  required  in  infrastructure  and  export  promotional  areas. 
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Tomato 

(Lycopersicon  esculentum  Mill.) 

G  Kalloo,  M  K  Banerjee,  R  N  Tewari  and  D  C  Pachauri 

Area  and  production 

Tomato  is  one  of  the  most  popular  vegetables  grown  all  over  the  world.  In 
India,  tomato  has  wider  coverage  in  comparison  to  other  vegetables.  The  leading 
tomato  growing  states  are  Uttar  Pradesh,  Karnataka,  Maharashtra,  Haryana,  Pun¬ 
jab  and  Bihar.  The  area  and  production  of  tomato  in  our  country  was  about  3.55 
lakh  hectare  and  54.41  lakh  tonnes  respectively  in  1997-98.  In  the  last  two  decades 
with  the  development  of  high  yielding  varieties/hybrids,  significant  progress  has 
been  made  in  tomato  production. 

Economic  importance  and  use 

Tomato  universally  treated  as  ‘Protective  Food’  is  being  extensively  grown  as 
annual  plant  all  over  the  world.  It  is  a  very  good  source  of  income  to  small  and 
marginal  farmers  and  contributes  to  the  nutrition  of  the  consumers.  Tomato  is  a 
rich  source  of  minerals,  vitamins  and  organic  acid  (healthy  acids).  There  are  vari¬ 
ous  types  of  flavouring  compounds  found  in  the  fruits,  which  enrich  the  taste.  A 
survey  made  by  M.A.  Stens  indicated  that  among  the  main  fruits  and  vegetables, 
tomato  ranks  16th  as  a  source  of  both  these  vitamins.  The  total  sugar  content  is 
2.5%  in  ripe  fruit  and  amount  of  ascorbic  acid  varies  from  16-65mg/100g  of  fruit 
weight.  The  total  amino  acid  is  100-350mg/100g  of  fruit  weight.  Tomatoes  are 
used  directly  as  raw  vegetables  in  sandwiches,  sulud  etc.  Several  processed  items 
like  paste,  puree,  syrup,  juice,  ketchup,  drinks,  whole  peeled  tomato,  etc.  are  pre¬ 
pared  on  a  large  scale.  Tomato  is  a  very  good  appetizer  and  its  soup  is  said  to  be  a 
good  remedy  for  patients  suffering  from  constipation. 

Export  potential 

In  addition  to  meeting  the  local  demand,  tomato  has  been  identified  as  a  poten¬ 
tial  vegetable  for  export  by  the  Agricultural  and  Processed  Food  Products  Export 
Development  Authority  (APEDA).  The  specific  requirements  of  tomato  for  ex¬ 
port  in  Middle  East  are  round,  medium  size  and  red  colour,  while  cherry  tomato  is 
preferred  for  export  in  European  countries.  The  export  quality  of  tomato 
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producing  areas  are  Nasik  and  Pune  in  Maharashtra  and  Bangalore  in  Karnataka. 
Processed  products  of  Tomato  especially  puree  and  paste  have  great  demand  in 
export.  Tomato  i ;  exported  from  India,  but  due  to  lack  of  suitable  varieties/hy¬ 
brids  exclusively  for  exports,  our  tomatoes  do  not  compete  in  the  foreign  market. 
For  encouraging  export  potential  of  tomato  and  its  products,  there  is  an  urgent 
need  for  development  of  suitable  varieties,  proper  packing  procedure  and  long¬ 
term  and  consistent  export  policy.  Pre-cooling  units  and  cold  storage  for  fresh 
tomato  should  be  established  for  prolonging  the  shelf-life  and  minimizing  the 
losses  in  post-harvest  handling. 

CROP  IMPROVEMENT 

Orgin 

Scientific  information  indicates  that  the  cultivated  tomato  originated  in  a  wild 
form  in  the  Peru-Ecuador-Bolvia  area  of  the  Andes  (South  America).  The  distri¬ 
bution  of  the  allele  studies  at  the  Ge  locus  (Genetic  basis)  also  gives  evidence  of 
the  origin  of  cultivated  tomato  in  the  Peru-Ecuador  region. 

Distribution 

Probably  from  the  Peru-Ecuador  area  tomatoes  were  distributed  to  many  parts 
of  tropical  America.  The  first  known  record  of  tomato  is  in  the  year  1554  in  South 
America.  After  200  years  it  gradually  spread  to  other  parts  of  the  world.  The  Ital¬ 
ians  might  have  been  the  first  European  to  use  tomato.  It  was  introduced  in  Eu¬ 
rope  in  the  early  16th  Century  and  spread  to  the  Philippines  via' South  America  to 
Malaysia  by  about  1650.  It  was  introduced  in  west  African  parts  via  Portugese 
traders  across  the  continent  from  Egypt  or  the  Sudan.  Since  1800,  tomatoes  are 
being  used  as  food  all  over  the  world. 

Taxonomy 

Tomato  is  a  herbaceous,  annual  to  perennial,  prostrate  and  sexually  (occasion¬ 
ally  asexually)  propagated  plant.  Earlier  the  botanical  name  of  tomato  was  Solatium 
lycopersicon,  later  Miller  in  1978  gave  the  name  Lycopersicon  esculentum  to  culti¬ 
vated  tomato  and  L.  pimpinellifolium  to  the  wild  forms  of  tomato.  Lycopersicon  is 
a  relatively  small  genus  within  the  extremely  large  and  diverse  family  Solanaceae 
having  an  identical  genome  formula  2n  =  2x  =  24. 

L.  esculentum  has  five  forms,  cerasifome;  small  fruited  type  or  cherry  tomato, 
pyrifomae,  pear  tomato,  commune;  common  tomato,  grandifolium;  potato  leaf 
type  and  validium;  upright  tomato.  Muller  (1940)  divided  the  genus  lycopersicon 
into  sub-genus  Eulycopersicon  and  Eriopersicon.  Eulycopesicon  is  a  red  fruited 
type,  whereas  Eriopersicon  is  green-  fruited  type.  Presently,  the  genus  has  been 
recognized  as  having  nine  species.  These  are  Lycopersicon  esculentum  L. 
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pimpinellifolium,  L.  cheesmanii,  L.  birsutum,  L.  chemelewskii,  L.  parviflorum  and  L. 
Chinese  and  L.  peruvianum. 

Tomato  is  grown  as  an  annual  plant.  It  has  taproot  and  growth  habit  of  the 
plant  is  determinate  and  indeterminate.  In  the  determinate  types,  plants  are  dwarf 
where  growth  is  restricted  with  the  appearance  of  terminal  flower,  while  in  deter¬ 
minate  plant,  growth  is  continued  and  there  is  less  initiation  of  flower  and  fruit  on 
the  stem.  The  lateral  buds  always  exist  to  continue  vegetative  growth. 

Breeding  methods 

Tomato  varieties  have  been  developed  by  introduction,  selection  and  hybridiza¬ 
tion  procedures.  A  few  varieties  like  Sioux,  Marglobe,  Keckruth,  Best  of  All,  Roma, 
Keckruth  Ageti,  La-Bonita,  etc.  were  introduced  from  America  and  adopted  by 
growers  at  several  places  in  the  country.  Selection  has  also  played  an  important 
role  in  the  improvement  of  tomato.  Varieties  like  Improved  Meeruti,  HS  110,  CO  1 
have  been  developed  through  selection.  However,  most  of  the  tomato  varieties 
have  been  bred  by  hybridization  and  pedigree  selection  method  employed  in  hy¬ 
bridization.  Varieties  developed  by  this  method  are  Pusa  Ruby,  Pusa  Early  Dwarf, 
Punjab  Chhuhara,  HS  101,  HS  102,  SEL  7,  SEL  18  etc.  Mutation  breeding  was 
also  utilized  in  developing  cultivars  like  S  12  and  CO  3. 

Heterosis 

It  is  easy  to  develop  a  tomato  hybrid  with  extreme  earliness,  yield,  improved 
quality,  uniformity  and  adaptability  to  adverse  conditions.  Most  of  the  hybrids 
have  been  developed  by  private  companies  and  are  being  commercialized.  In  hy¬ 
brids,  it  is  easy  to  combine  large  number  of  resistance  genes  than  in  open  polli¬ 
nated/pure  line.  There  is  ample  scope  of  developing  resistant  hybrids  against  bi¬ 
otic  and  abiotic  stresses.  In  tomato  single  hybrids  are  grown  commercially.  For  this 
purpose  two  parents  having  good  combining  ability  are  selected  and  maintained 
by  s  el  ting. 

Hybrid  seeds  are  largely  produced  by  hand  emasculation  and  hand  pollination. 
Seed  parent  and  pollen  parents  are  grown  under  healthy  condition  in  the  ratio  of 
12  :  1.  The  flower  of  seed  parents  are  emasculated  12-15  hours  before  opening 
and  anthers  are  removed  by  forceps  and  fingernail.  Generally,  emasculation  is  done 
in  the  afternoon  and  in  the  following  day  morning  pollination  is  done.  For  pollina¬ 
tion,  freshly  collected  pollens  are  used,  however,  pollen  can  be  stored  for  2-3  days 
under  normal  conditions  and  can  be  used  for  pollination. 

The  cost  of  hybrid  seed  production  can  be  minimized  by  use  of  male  sterile 
line.  More  than  50  independent  loci  have  been  reported  to  control  male  sterility  in 
tomato.  Male  sterile  plants  can  be  identified  in  the  population  by  observing  small 
sized  flower,  poorly  developed  anthers,  poor  or  no  anther  dehiscence  and  sterile 
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Pusa  Hybrid  1 


pollen.  For  maintaining  male  sterility,  the  male  sterile  plants  (msms)  are  crossed 
with  the  heterozygous  fertile  plants  (msms)  which  results  in  50%  male  fertile  and 
50%  male  sterile  population.  The  sterile  plants  thus  obtained  are  used  for  hybrid 
speed  production. 

Exerted  stigma  (positional  sterlity)  controlled  by  recessive  factor  can  also  be 
used  for  the  production  of  hybrid.  This  type  of  line  can  be  developed  utiliz¬ 
ing  wild  species  especially  in  L.  hirsutum  and  L.hirsutum  f.  glabratum. 


Description  of  varieties 

A  large  number  of  tomato  varieties  have  been  evolved  by  various  organizations 
of  the  country.  These  varieties  have  desirable  attributes  like  earliness,  high  yield, 
good  fruit  size,  fruit  colour  and  disease  resistance.  The  details  of  the  varieties  are 
given  as  under: 

Arka  Saurabh:  This  variety  was  developed  in  IIHR,  Bangalore  by  selection 
from  variable  breeding  line  V  685  introduced  from  Canada.  Plants  are  semi-deter¬ 
minate  in  growth.  Fruits  are  thick  fleshed,  firm  round,  medium  large  in  size, 
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Pusa  Hybrid  4 


Pusa  Sadabahar 


deep-red  colour  and  nipple  tipped.  Fruits  have  good  transport  quality,  which  is 
good  for  both  fresh  market  and  processing.  The  average  yield  is  30.8  tonnes/ha.  It 
is  recommended  for  cultivation  in  I,  IV,  V,  VI  and  VII  zone  of  India  under  AICVIP. 
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Pusa  Uphar 


Arka  Vikash:  An  improved  variety  developed  through  selection  from  a  variable 
population  of  American  variety  ‘Tip  Top’  introduced  at  IIHR,  Bangalore.  Plants 
are  indeterminate,  fruits  are  medium  in  size  with  uniform  deep  red  colour.  It  was 
recommended  in  1987  for  cultivation  in  both  hills  and  plains.  This  variety  does 
well  in  moisture- stress  conditions  and  gives  an  average  yield  of  30.3  tonnes /ha. 

BT  12:  This  variety  was  developed  by  OUAT  Bhubaneswar  and  recommended 
through  AICVIP  for  cultivation  in  zone  I  an  IV  in  1996.  Plants  indeterminate  in 
growth  habit  75-80cm  height.  Fruits  are  thick  skinned,  round  shaped  with  2-3 
locules.  The  average  yield  of  this  variety  is  20—25  tonnes/ha. 

CO  3:  Plant  habit  of  CO  3  is  determinate,  which  is  mutant  of  variety  CO  1 
developed  at  Coimbatore.  Plants  are  erect,  thick  and  main  stem  has  strong  primary 
branches  with  dark-green  foliage.  The  fruits  of  CO  3  are  round  globular  in  shape 
and  medium  in  size,  bright-red  in  colour  and  possess  high  vitamin  C  and  organic 
acidity.  It  was  identified  in  1987  and  recommended  for  growing  in  zone  I,  IV,  V,  VI 
and  VII  of  India.  The  cropping  period  is  110-115  days  and  it  gives  an  average  yield 
of  38.1  tonnes/ha. 

Pusu  Uphur:  The  variety  Pusa  Uphar  developed  at  IARI.  It  is  recommended 
for  cultivation  in  IV  and  VI  zone  under  AICVIP  in  1996.  Plants  are  indeterminate, 
erect  thick  stemmed  with  dark-green  foliage.  It  bears  in  cluster  of  2-3  fruits.  Fruits 
are  medium  in  size,  round  shaped,  deep-red  skin  colour  with  thick  pericarp.  The 
average  yield  is  35-40  tonnes/ha  and  this  variety  is  suitable  for  processing. 

Hisar  Anmol:  Developed  at  HAU,  Hisar  through  hybridization  of  Hisar  Arun 
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x  L.  hirsutum  f  glabratum.  This  variety  is  found  resistant  to  leaf  curl  virus  and  it  is 
recommended  for  growing  in  the  areas  where  the  leaf  curl  virus  is  a  serious  prob¬ 
lem.  Plants  are  determinate  and  fruits  are  flattish  round,  medium  in  size  with  red 
colour. 

Hisar  Arun  (Sel  7):  This  is  an  early  variety  developed  at  HAU,  Hisar  through 
hybridization  of  Pusa  Early  Dwarf  X  K  1  followed  by  selection.  Plants  are  deter¬ 
minate  having  medium  height  and  profuse  branching.  Fruits  of  this  variety  are 
medium  to  big  in  size  with  4-6  locules.  This  variety  is  very  popular  as  early  and 
main  crop  in  the  northern  plains.  Through  AICVIP,  this  variety  was  recommended 
for  cultivation  in  Indian  zone  I,  IV,  V,  VI  and  VII. 

Hisar  Lalit:  This  variety  has  been  developed  through  hybridization  of  HS  101 
x  Resistant  Bangalore  at  HAU  Hisar.  It  is  a  semi-de terminate  variety,  which  bears 

fruits  in  medium  to  large  size.  Fruits  are  round  in  shape.  This  variety  is  resistant  to 
root  knot  nematode. 

KS  2:  This  variety  was  developed  at  Kanpur.  Its  plant  has  light-green  foliage. 
Fruits  are  flattish-round,  slightly  furrowed  with  4-5  number  of  locules.  It  is  a 

moderate  yielder  and  has  been  identified  for  cultivation  under  AICVIP  in  zone  I 
II,  IV  and  VI. 

La-Bonita:  This  variety  was  recommended  for  cultivation  in  I  IV  V  and  VII 
zone  under  AICVIP  in  1987.  Plants  of  this  variety  are  bushy  and  determinate  in 
growth  habit.  Fruits  are  smooth,  oblong  shaped  with  yellow  stem  end.  Fruits  have 
thick  pericarp  and  2-3  locules.  It  is  suitable  for  long-distance  transportation.  This 
variety  was  developed  through  selection  at  NBPGR,  New  Delhi. 

Pant  Bahar:  Developed  at  Pantnagar  from  line  AC  238  identified  in  1985  through 
AICVIP  for  cultivation  in  I,  II,  IV  and  V  zone.  Plants  are  bushy  and  having  light- 
green  foliage  with  relatively  thin  stem  and  small  leaflets.  Fruits  become  ready  for 
harvest  in  78  days.  Fruits  are  flattish-round  medium  in  size,  with  5-6  locules,  slightly 
ridged  and  red  in  colour.  This  is  resistant  to  Verticillmm  and  Fusarium  wilt  under 
field  conditions  and  has  good  storage  and  processing  quality. 

Pant  T3:  Developed  at  Pantnagar  through  pure  line  selection.  Plants  are  semi 
determinate  with  thick,  round  hairy  stem.  Leaves  are  medium  in  size  with  dark- 
foliage.  Fruits  ripen  in  60  days,  weighing  65-78g  round  and  have  smooth  surface 
with  uniform  red  colour  of  skin.  Suitable  for  processing.  Its  average  yield  is  19.2 

tonnes/ha.  Under  AICVIP  it  has  been  recommended  for  cultivation  in  zone  IV  V 
VI  and  VII. 

Punjab  Cbbubara:  This  variety  was  developed  at  PAU,  Ludhiana  through  hy¬ 
bridization  of  EC  55055  215  x  Punjab  Tropic.  Plants  are  dwarf,  bushy,  determi¬ 
nate  growth  habit  with  dense  and  luxuriant  foliage.  Fruits  are  medium  sized,  pear 
shaped,  firm,  fleshy,  usually  bilocular,  less  seeded,  mild  sour,  thick  pericarp,  uni¬ 
formly  red  coloured  at  maturity.  This  variety  is  suitable  for  long-transportation, 
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because  it  retains  marketable  quality  for  a  week  after  harvesting  under  ordinary 
condition  during  summer.  It  is  identified  for  cultivation  in  I,  II,  IV,  VI  and  VII  of 
India  under  AICVIP. 

Punjab  Kesari :  This  variety  was  developed  through  hybridization  followed  by 
pedigree  selection  at  PAU,  Ludhiana.  It  was  recommended  for  cultivation  in  both 
plains  and  hills  in  1987.  Plants  are  determinate,  bushy  and  early  maturing.  This 
variety  is  moderately  susceptible  to  late  blight  and  fruit  borer  and  susceptible  to 
root  knot  nematode.  The  average  yield  of  this  variety  is  28.6  tonnes/ha. 

Pusa  Early  Dwarf:  It  was  developed  at  NBPGR,  New  Delhi  through  hybridiza¬ 
tion  of  Improved  Meeruti  x  Red  Cloud.  Plants  having  determinate  growth  habit 
are  typical  dwarf  with  compact  fruiting.  Fruits  are  slightly  flattish  in  shape,  me¬ 
dium  large  in  size,  uniform  red,  ribbed,  obscure  furrow  with  5-6  locules.  It  is 
suitable  for  rainy  season  in  northern  plains  and  March  sowing  in  hills.  Under 
AICVIP,  it  was  recommended  for  cultivation  in  I,  IV  and  VII  zone. 

Pusa  Ruby :  A  very  popular  variety,  developed  at  IARI,  New  Delhi  through 
hybridization  of  Sioux  x  Improved  Meeruti.  Plants  are  indeterminate,  spreading, 
less  branched,  hardy,  with  a  height  of  80-85cm.  Fruits  are  flattish-round,  small  to 
medium  sized,  uniform  red,  slightly  lobed  (4—5  locules)  and  mild  acidic.  This  is  an 
early  variety  having  25-30  fruits  per  plant. 

Pusa  Sheetal:  Pusa  Sheetal  variety  was  developed  at  IARI,  New  Delhi  through 
hybridization  of  two  low  temperature  fruiting  introduction,  Balka  (introduced  from 
Bulgaria)  x  Jemnoroshnese  (introduced  from  USSR).  It  possesses  determinate 
growth  habit.  Fruits  are  flattish-round  in  shape,  uniform  red  coloured.  It  is  suit¬ 
able  for  growing  as  early  crop  in  northern  plains  because  of  its  fruit  setting  at  low 
temperature  (8°C  or  low).  The  average  yield  is  36.3  tonnes/ha. 

Roma :  This  is  an  introduction  from  America.  Its  fruits  are  small,  pear-shaped 
having  deep-red  colour.  Plants  are  small  with  determinate  growth  habit.  Crops 
become  ready  for  harvesting  in  90-95  days  after  transplanting.  Due  to  thick  skin 
of  the  fruit,  it  is  suitable  for  distant  market.  It  gives  an  average  yield  of  25-31 
tonnes/ha. 

Sel  120:  This  is  a  semi-determinate  variety  developed  at  IARI,  New  Delhi.  Plants 
are  having  dark-green  foliage,  and  fruits  are  round  to  flattish-round,  attractive, 
medium  to  large  sized,  uniform  red  in  colour,  mild  acidic  and  less  seeded.  It  is  a 
nematode  resistant  variety,  suitable  for  summer  and  winter  production  in  zone  I, 
IV,  VI  and  VIII  under  AICVIP. 

Sel  32:  This  variety  was  developed  at  HAU,  Hisar  and  recommended  for  grow¬ 
ing  in  II,  VI  and  VII  zone  under  AICVIP  in  1996.  Plants  are  determinate  and 
fruits  are  flattish  round,  big  sized  and  red  coloured.  The  average  yield  is  30-35 
tonnes /ha.  This  variety  is  susceptible  to  leaf  curl  virus  diseases. 

VC  48-1:  This  is  a  bacterial  wilt  resistant  variety,  developed  at  Assam  Agncul- 
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tural  University,  Jorhat  from  an  introduction  of  Asian  Vegetable  Research  and 
Development  Centre,  Taiwan.  Plants  having  determinate^  growth  habit  of  80-90cm 
height  are  very  vigorous  and  possess  good  foliage.  It  has  been  recommended  for 
growing  in  those  areas  where  bacterial  wilt  problem  exists. 

Breeding  for  biotic  stress 

Resistance  sources  against  important  diseases,  namely  Fusanum  wilt,  Bacterial 
wilt,  late  and  early  blight,  leaf  curl,  TMV  and  spotted  wilt  virus  and  root  knot 
nematodes  were  located  for  developing  resistant  lines.  Some  of  the  resistant  varie¬ 
ties  which  were  observed  effective  were  identified  at  different  locations  and  are 
given  below: 


Varieties  resistant  to  biotic  stresses 


Variety 

Source 

Pests 

Pusa  1 20 

IARI 

Root  knot  nematode 

Hissar  Lalit 

Hissar 

Root  knot  nematode 

BT  1 

Bhubaneswar 

Bacterial  wilt  resistant 

BT  10 

Bhubaneswar 

Bacterial  wilt  resistant 

BWR  5 

IIHR 

Bacterial  wilt  resistant 

LE  79  5 

Kerala 

Bacterial  wilt  resistant 

H  24 

Varanasi 

Leaf  curl  virus  resistant 

Pant  Bahar 

Pantnagar 

Verticillium  wilt  and  Fusarium  wilt  resistant 

BT  18 

Bhubaneswar 

Bact  wilt  resistant 

BT  21 

Bhubaneswar 

Bact  wilt  resistant 

Improved  varieties  and  F,  hybrids 

Many  varieties  have  been  recommended  from  various  institutes  and  state  de¬ 
partments  from  time  to  time.  These  varieties  were  evaluated  at  different  agroclimatic 
zones  in  the  country  for  their  suitability  under  All-India  Co-ordinated  Vegetable 
Improvement  Programme.  On  the  basis  of  superior  performance  following  varie¬ 
ties  were  identified  for  different  zones  and  have  been  recommended  by  Central 
and  State  Variety  Release  Committees. 

Climate  and  soil 

Tomato  is  a  warm  season  crop.  It  thrives  in  temperatures  between  1°-30°C  and 
is  neither  tolerant  to  frost,  nor  to  waterlogged  condition.  The  optimum  range  of 
temperature  is  20°-24°C,  mean  temperature  below  16°C  and  above  27°C  are  not 
desirable.  Lycopene,  which  is  responsible  for  red  colour,  is  highest  at  21°-24°C 
while  the  production  of  this  pigment  drops  off  rapidly  above  27°C.  Soil  which  is 
well  drained,  fairly  fertile,  rich  in  organic  matter  with  a  fair  water-holding  capacity 
is  ideal.  For  early  crop,  a  sandy  loam  soil  is  the  best,  however,  for  higher  yield 
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Table  1 .  Vegetable  varieties  released  on  All-India  basis 


Variety 

Pusa  Ruby 
Pusa  Early  Dwarf 
Pusa  Gaurav 
Pusa  1 20 
Pusa  Sheetal* 
Pusa  Uphar 
Pusa  Sadabahar 
Sioux 
Roma 
S  12 

Punjab  Chhuhera 

Sel  1 -6-4 

HS  101 

Sel  7 

Sel  32 

Labonita 

T  1 

KS  2 

KS  17 

Pant  Bahar 

Pant  T  3 

Arka  Vikas 

Arka  Saurabh 

CO  3 


Source 


IARI 

IARI 

IARI 

IARI 

IARI 

IARI 

IARI 

IARI  (Katrain) 

IARI  (Katrain) 

PAU,  Ludhiana 
PAU,  Ludhiana 
PAU,  Ludhiana 
HAU,  Hissar 
HAU,  Hissar 
HAU,  Hissar 
NBPCR 

CSAUT,  Kalyanpur 
CSAUT,  Kalyanpur 
CSAUT,  Kalyanpur 
CBPUAT,  Pantnagar 
CBPLJAT,  Pantnagar 
IIHR,  Bangalore 
IIHR,  Bangalore 
Coimbatore 


Zones  identified 


2,  4,  6,  7,  8 

1.4,  6 

1,  2,  4,  6,  7,  8 

1,  4,  6,  7,  8 
North  Indian  plains 
4,6 

North  Indian  plains 

2,  4,  6,  7 
Hilly  areas 
1,  2,  4,  7,  8 

1,  2,  4,  6,  7,  8 
2 

1.2.4,  6,  8 

1. 4,  5,  7,  8 

2,  6,  7 

1.4,  5,7 

1. 2.4,  7,  8 

1.2.4,  6 
4 

1,  2,  4,  5 
1,2,  4,  6,  7,8 
1,  2,  4,  5,  6,  7 

1.4,  5,  6,  7,  8 

1, 4,  5,  6,  7 


A.  Tomato  Ft  hybrids  identified  /  released 


n.  i umaiu  ■  i  iuj 

Hybrids 

Source 

Zones 

ARTH  3 

Ankur  Seed 

1,  7,  8 

ARTH4 

Ankur  Seed 

4,8 

MTH  6 

MAHYCO 

7,8 

Arka  Vardan 

IIHR 

1,4,  7 

FMH  1 

IIHR 

4 

NA  501 

Nath  Seed 

4,  7 

NA  601 

Nath  Seed 

6,7 

BSS  20 

Beejo  Sheetal 

4,  6,  7 

Kt  4 

IARI,  Katrain 

4 

Pusa  Hybrid  2 

IARI 

1,4,  6,7 

Pusa  Hybrid  4 

IARI 

7 

Pusa  Hybrid  1 

IARI 

4,  6 

Avinash  2 

Sandoz 

VI 

Hoe  303 

Sandoz 

IV 

Sun  496 

Sungrow 

II,  IV,  VIII 

heavy  soils  rich  in  organic  matter  are  preferred.  Tomato  performs  well  in  soil 
having  pH  6.0-7.0.  It  is  moderately  tolerant  to  acid  soil  (pH  5.5). 
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A.  Tomato  varieties  suitable  for  different  purposes 

Varities  for  fresh  market  Pusa  Early  Dwarf,  Pusa  Ruby,  Pusa  1 20,  T  1 ,  KS  2, 

Pant  T  3,  Arka  Vikas,  Arka  Saurabh,  CO  3,  BT  1 2, 
Punjab  Kesari,  Sel  6,  Sel  7,  Sel  32,  Pantbahar 
Varieites  for  long  distance  transport  All  F,  hybrids,  Pusa-Gaurav,  Roma,  Punjab 

Chhuhera,  Pusa  Uphar,  Labonita 


Varieties  for  processing  Pusa  Gaurav,  Pusa  Hybrid  2,  Roma,  Punjab 

Chhuhara,  Pusa  Uphar,  Arka  Saurabh 

Varieties  resistant  to  abiotic  stresses  Pusa  Sheetal  (IARI) — Low  temperature  regime  Pusa 

Hybrid  1  (IARI) — High  temperature  regime 
Pusa  Sadabahar  (IARI) — High  and  low  temperature 
_  regime 


Cropping  systems 

Tomato  is  well  fitted  in  different  cropping  systems  which  include  cereals,  grains, 
pulses,  and  oil  seeds. Cauliflower-tomato-okra,  sunflower-cabbage-tomato,  maize- 
tomato-watermelon  and  paddy-peas-tomato  were  found  remunerative  under  vaned 
weather  conditions  around  Bangalore.  Other  cropping  systems  like  rice-tomato, 
rice-maize,  okra-potato-tomato,  tomato-onion  are  also  popular  in  several  parts 
of  the  country.  Under  sequential  intercropping  system  palak  or  radish  can  be  grown 
as  intercrop  in  tomato  successfully,  which  gives  maximum  profit  over  tomato 
alone. 


Preparation  of  field 

Land  should  be  prepared  well  to  make  the  soil  suitable  for  transplanting  of 
tomato.  The  field  is  first  ploughed  with  soil  turning  plough  followed  by  4-5  plough¬ 
ing  with  country  plough  or  harrow.  Levelling  should  be  done  after  ploughing.  At 
the  time  of  soil  preparation,  raising  the  planting  bed  above  ground  level  facilitates 
drainage  during  rainy  season  and  if  this  practice  is  followed  during  winter  season, 
it  enhances  plant  growth  by  conserving  the  soil  heat. 

Nursery  raising 

A  net  area  of  about  225m-  may  be  required  to  raise  the  seedling  for  one  hectare 
land.  Generally  the  nursery  beds  are  prepared  in  the  size  of  7.5m  long,  1.00m 
width  and  10-1 5cm  height.  Well  decomposed  farmyard  manure  is  properly  mixed 
into  top  soil  of  the  bed  at  rate  of  about  3kg/mf.  A  fertilizer  mixture  of  0.5kg  NPK 
of  15  :  15  :  15  per  bed  is  mixed  in  the  soil  at  least  10  days  before  sowing  the  seeds. 
Normally  400-500g  and  125—1 7 5g  seeds  for  open  pollinated  and  hybrid  respec¬ 
tively  are  required  for  the  planting  of  one  hectare  land.  For  raising  good  and  healthy 
seedlings,  treatment  of  the  seeds  with  fungicide  like  Captan  or  Cereson  or  Thiaram 
@2§/kg  seed  is  essential.  Similarly,  the  seed  beds  are  also  treated  with  steam  or  Vz 
litre  of  40%  formalin/ m2  soil.  Soon  after  fumigation  the  beds  are  covered  with 
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polythene  for  24  hours.  If  the  fumigation  is  not  done  in  the  nursery  bed,  solanzation 
should  be  done  to  minimize  the  attack  of  insect  pests  and  diseases.  For  solarization, 
cover  the  nursery  bed  with  a  transparent,  plastic  sheet  during  the  day  hours  for  10 
days.  If  beds  are  not  sterilized,  drench  with  0.2%  Brassicol  or  Captan.  The  seeds 
are  sown  in  bed  either  broadcast  or  in  row,  at  a  distance  of  7.5cm  between  the 
rows.  After  the  sowing,  the  rows  are  covered  wnh  a  thin  layer  of  the  compost. 
Thereafter,  the  beds  are  irrigated  with  a  rose  can.  Light  watering  is  required  daily 
in  evening.  Nowadays  the  nurseries  are  being  raised  in  low  tunnel  and  low-cost 
polyhouse.  Use  of  transparent  plastic  sheet  as  low  tunnel  provides  an  ideal  condi¬ 
tion  for  successful  raising  of  seedlings  than  the  conventional  method.  The  utility 
of  low-cost  polyhouse  for  raising  of  seedling  in  winter  months  facilitates  trans¬ 
planting  in  short  time  for  spring  planting  in  plains.  The  use  of  agronets  protects 
the  seedlings  from  insect  and  reduces  the  vector  borne  viruses  infestation  and 
damage  by  other  insects.  The  beds  are  covered  with  straw  or  polythene  sheet  until 
the  seed  germinate.  Every  week,  if  required  a  fungicide  such  as  Dithane  M  45  or 
Difolation  0.25%  should  be  sprayed  to  reduce  the  post-emergence  damping  off. 

Transplanting 

The  seedlings  are  ready  for  transplandng  between  4—5  weeks  after  seeding  in 
nursery  beds.  Seedlings  should  be  hardened  before  transplanting  them.  This  is 
done  by  withholding  watering  for  4-5  days  so  as  to  reduce  the  available  moisture 
to  20%.  Hardening  can  also  be  achieved  by  adding  4000  ppm  NaCl  to  the  irriga¬ 
tion  water  or  with  spray  of  2000ppm  cycocel  +  ZnS04  (0.25%)  +  25pm  proline  at 
transplanting.  The  tomato  seedlings  are  transplanted  on  flat  beds  or  on  the  side  of 
ridges.  In  the  initial  stage,  seedlings  are  transplanted  at  the  side  of  the  ridge  and 
later  earthing  up  is  done  to  keep  plant  in  the  middle  of  the  ridge.  In  Punjab,  mainly 
spring  crop  is  raised  and  for  this  transplandng  is  done  in  November-December. 
The  seedlings  are  then  covered  with  polythene  bags  (15  x  10cm)  to  protect  the 
plants  from  frost. 

In  tomato,  plant  spacing  is  decided  on  the  basis  of  the  growth  habit  of  the 
variety  and  purpose  such  as  fresh  marketing  or  processing.  The  closer  the  spacing, 
the  higher  is  the  yield  but  this  reduces  fruit  quality.  There  is  especially  re¬ 
duction  in  size  and  more  incidence  of  insect  pests  and  diseases.  In  closer  spacing 
the  number  of  trusses  is  increased  but  the  number  of  fruits  per  truss  is  decreased. 
Increased  plant  density  increases  the  early  and  total  yield.  Different  spacing  are 
followed  such  as  60cm  x  45cm,  75cm  x  60cm  and  75cm  x  75cm  on  flat  and  raised 
beds.  For  winter  season  planting  of  tomato  in  northern  plains  on  raised  bed  of 
80-90cm  wide  followed  by  irrigation  channel  can  be  prepared  through  tractor  and 
on  this  raised  bed  both  sides  planting  may  be  done  at  an  interval  30-45cm.  This 
method  economizes  watering,  reduces  weed  growth  and  is  very  much  beneficial 
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for  early  establishment  of  the  plant.  A  plant  population  35,000/ha  is  considered  to 
be  optimum  producing  fruit  yield  of  40  tonnes/ha. 

Nutrient  requirement  and  management 

The  quantity  of  nutrient  applied  in  the  field  depends  upon  several  factors  such 
as  cultivar,  soil  and  growing  condition,  irrigation  and  season  etc.  In  tomato,  NPK 
are  required  in  relatively  large  amount,  while  most  of  other  nutrients  are  needed  in 
only  small  amount.  Adequate  supply  of  nitrogen  increases  fruit  quality,  fruit  size, 
keeping  quality,  colour  and  taste.  Acidity  is  also  increases  by  excess  nitrogen.  High 
level  of  phosphorus  throughout  root  region  is  essential  for  rapid  root  development 
and  for  better  utilization  of  water  and  other  nutrients.  Phosphorus  has  pronounced 
effect  on  increasing  number  of  flowers.  Adequate  amount  of  potassium  is  also 
required  for  growth,  yield  and  quality.  Recommended  dose  of  fertilizers  for  differ¬ 
ent  regions  is  given  in  Table  2. 


Table  2.  Recommended  dose  of  farmyard  manure  and  NPK  for  tomato 
production  under  different  regions 


Place 

Soil 

N 

(kg/ha) 

P 

(kg/ha) 

K 

(kg/ha) 

Farmyard  manure 
(tonnes/ha) 

New  Delhi 

Sandy  loam 

60 

60 

0 

25 

Coimbatore 

Medium  black 

100 

80 

50 

25 

Bangalore 

Sandy  clay  loam 

115 

104 

64 

— 

Chaubatia 

Hilly 

100 

90 

— 

— 

(Uttar  Pradesh) 

For  successful  crop,  application  of  about  20  tonne  farmyard  manure,  90-100kg 

N,  60-70kg  P20.  and  50-60kg  K20/ha  is  required.  One  third  of  nitrogen  and  the 
entire  dose  of  phosphorus  and  potash  should  be  applied  before  transplanting.  The 
remaining  dose  of  N  should  be  applied  in  equal  doses,  i.e.  25-30  and  45-50  days 
after  transplanting.  Foliar  application  of  nutrient  has  been  found  beneficial.  Appli¬ 
cation  of  urea  as  foliar  spray  (1.25%)  gave  better  plant  growth,  fruit  yield  and 
quality.  The  application  of  120kg  N  and  60  kg  P205/ha  in  the  form  of  half  soil  and 
half  foliar  method,  significantly  increased  the  total  fruit  yield  in  comparison  with 
the  basal  application.  It  was  further  reported  that  125kg  N/ha  and  120kg  P,05/ha 
applied  3Ath  in  soil  and  14th  as  foliar  application  gave  the  maximum  yield.  The 
application  of  micronutrients  like  Zn,  Cu  and  B  significantly  increased  the  number 
of  fruits  per  plant,  yield  and  quality.  Application  of  20-30kg/ha  of  borax  and 

O. 5%Zn  is  beneficial  for  yield  and  good  quality  of  fruit. 

Tomato  plants  require  adequate  moisture  throughout  their  growth  period.  First 
irrigation  is  required  soon  after  transplanting.  Too  much  water  at  the  time  of  trans¬ 
planting  and  before  the  first  fruit  set  have  been  found  detrimental  causing  blossoms 
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off.  When  the  plants  are  small,  frequent  watering  is  necessary  in  the  root  zone. 
Irrigate  the  crops  at  an  interval  of  3-4  days  during  summer  and  10-15  days  during 
winter  to  maintain  the  soil  moderately  wet.  During  winter,  the  plants  are  not  irri¬ 
gated  at  the  time  of  ripening  of  fruit.  A  long  spell  of  drought  followed  by  sudden 
heavy  irrigation  may  cause  cracking  of  the  fruits.  Furrow  irrigation  is  most  widely 
used  to  irrigate  tomato  crop  in  India.  Drip  irrigation  of  tomato  increases  the  yield 
as  compared  to  furrow  method  and  suppresses  the  weed  growth.  Sprinkler  irriga¬ 
tion  is  also  being  popularized  nowadays  for  irrigation  of  tomato  crop,  which  is 
more  economical.  Maintenance  of  optimum  moisture  supply  of  tomato  is  also 
important  to  avoid  disease  incidence.  Irrigation  following  a  period  of  moisture- 
stress  during  fruit  development  leads  to  blossom  end  rot.  Frequent  irrigation  at 
12-15  days  interval  reduced  the  incidence  of  tomato  wilt  as  compared  to  irrigation 
at  6-12  days. 

The  normal  weed  control  method  followed  by  farmers  in  tomato  is  to  give  two 
hand  hoeing  in  the  first  and  third  fortnight  after  transplanting  and  an  earthing  up 
operation  during  the  second  fortnight.  The  application  of  herbicide  is  economical. 
Pre-emergence  application  of  herbicides  like  Metribuzin  at  0.35kg/ha,  Fluchloralin 
1.25kg/ha  has  been  found  to  increase  the  yield  significantly  over  the  hand  weed¬ 
ing.  Recently  the  use  of  pendimethalin  @1.0kg/ha  as  pre-emergence  application  + 
one  hand  weeding  at  45  days  after  transplanting  was  found  very  effective  in  sup¬ 
pressing  the  weed  and  it  exhibited  least  phytotoxic  effect  with  the  mean  survival  of 
85%  tomato  seedlings. 

The  following  weedicides  have  been  recommended  by  PDVR  Varanasi  for 
tomato: 


Weedicide 

Time  of  application 

Doses  (kg  a.i.) 

Oxyfluoren 

Pre-plant  incorporation 

0.25 

Metribuzin 

Pre-plant  incorporation 

0.75 

Metribuzin 

Post-emergence 

0.50 

Fluchloralin 

Pre-plant  incorporation 

1 .0 

Use  of  plant  growth  regulators 

Use  of  plant  growth  regulator  in  tomato  has  been  found  beneficial  for  yield, 
quality,  earliness,  cold  and  high  temperature  fruit  setting  and  to  develop  resistance 
to  TLCV.  Seed  treatment  with  B-naphthoxy-acetic  acid  (BNOA)  at  25-50ppm, 
Gibberellic  acid  (GAj)  at  5-20ppm  and  Chlorophenoxy  acetic  acid  at  10-20ppm 
were  reported  to  improve  in  growth  and  yield  of  tomato.  Seedlings  soaked  for  24 
hours  in  NAA  at  O.lppm  showed  higher  fruit  set  and  increased  early  and  total 
yield.  Foliar  application  of  GA3  at  lOppm,  NAA  l,000ppm,  PCPA  at  50ppm  2,  4- 
D  at  0.5ppm  or  cytozyme  at  1.25%  were  reported  to  increase  in  fruit  yield.  Spray- 
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Chemicals 

Common 

name 

Doses 

(mg/litre) 

Effective 

2,  Chloroethyl 

Ethephen 

200-500  whole 

Flowering  induction,  better 

phospionie  acid 

plant  spray 

rooting  and  setting  of  plants 

2,  Chloroethyl 

Cycocel 

500-1000 

Flower  bud,  stimulate 
pigment  formation,  increase 
fruit  set 

2,  4  dichloro/ 

2,  4-D 

2-5  seed  treatment, 

Increase  fruit  set  earliness, 

phenoxy  acetic  acid 

whole  plant  spray 

parthenocarpy 

3  Indole  butyric  acid 

1  BA 

50-1 00 

Increase  fruit  set 

3  Indole  acetic  acid 
Napthalene  acetic  acid 

1  AA 

NAA 

Foliage  spray 

fruit  size  and  yield 

Parach  lorophenoxy 
acetic  acid 

PCPA 

50  foliar  spary 

fruit  set  under  adverse 
climatic  condition 

6-4,  Inhydroxy  methyl 

8  methyl  gibberline 

GA 

50-100 
foliar  spray 

Elongate  shoot  growth 

ing  of  PCPA  at  50ppm,  IAA  50ppm  or  borax  1%  gave  better  fruit  set  in  summer. 
The  foliar  application  of  PCPA  50-100ppm  at  the  flowering  stage  increases  the 
fruit  set  at  low  and  high  temperatures.  Spraying  is  effective  in  determinate  varieties 
having  high  degree  of  synchronization  in  flowering.  The  spraying  at  flower  cluster 
is  more  useful,  since  the  growth  of  the  plant  is  not  affected  adversely. 

Growth  regulators  activate  the  root  growth,  increase  fruit  set  and  yield.  They 
also  affect  the  physiological  process  hasten  maturity  and  better  quality  fruits.  Vari¬ 
ous  growth  substances  recommended  for  various  purpose  are  summarized  in  the 
table. 

Mulches  are  used  to  reduce  or  increase  the  temperature,  suppress  weed  growth 
and  conserves  soil-moisture.  Organic  mulches  like  straw  can  reduce  the  soil  tem¬ 
perature  during  summer  season,  however,  plastics  are  used  to  increase  the  soil 
temperature  during  winter  season  for  maintaining  the  optimum  temperature  which 
is  required  for  good  growth,  flowering,  fruiting  and  quality  of  tomato. 

Pruning  and  training  is  generally  followed  in  indeterminate  tomatoes.  Pruning 
besides  removing  the  unwanted  growth  of  plants,  improves  the  size,  shape  and 
other  qualities  of  the  fruits.  Pruning  also  breaks  the  apical  dominance,  eliminates 
the  crown  set  and  enhances  the  plant  vigour.  Apart  from  pruning  in  indeterminate 
tomato,  early  and  total  yield  and  quality  are  increased  to  a  greater  extent  by  train¬ 
ing.  The  plants  are  trained  with  wires,  strings  or  stacks. 

Tomato  is  a  climacteric  fruit,  although  some  ripening  mutants  are  non  climac¬ 
teric.  During  ripening,  colour,  flavour,  aroma,  texture  and  composition  of  tomato 
fruits  change  at  very  fast  rate.  The  start  of  maturation  and  ripening  results  in  the 
production  of  ethylene  and  CO,.  Ethylene  has  a  remarkable  effect  on  the  detached 
fruits,  which  is  conditioned  by  temperature  and  treatments.  Ethrel  treatments  of 
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harvested  fruits  enhance  the  ripening.  In  order  to  enhance  the  ripening  of  fruits, 
ethrel  (l,000ppm)  can  be  sprayed  on  the  plants  at  the  time  of  initiation  of  ripening. 
An  early  spray  may  damage  the  foliage  and  reduce  the  size  of  fruits. 

Harvesting  and  yield 

In  indeterminate  cultivars,  fruits  can  normally  be  harvested  70-100  days  after 
planting.  While  determinate  cultivar  may  begin  fruit  at  70  days  depending  on  the 
environmental  condition.  Fruit  harvesting  should  be  at  the  right  stage,  which  de¬ 
pends  upon  the  purpose  of  fruit  utilization.  Immature  green  state,  mature  green, 
turn  pink  or  half  ripe,  red  ripe  or  over  ripe.  Fruits  are  normally  picked  at  an  inter¬ 
val  of  4-5  days  in  summer  whereas  for  winter  crop  picking  should  be  at  weekly 
interval.  Tomatoes  should  not  be  pulled  from  vines  but  should  be  picked  with  a 
twisting  motion  of  hand  to  separate  fruits  from  the  stem.  The  yield  varies  grately 
according  to  varieties  and  seasons.  On  an  average,  yield  of  open  pollinated  varie¬ 
ties  ranges  from  20-25  tonnes/ha.  Hybrid  varieties  may  yield  up  to  50  tonnes/ha 
or  more  under  normal  conditions. 

Maturity  standards  and  post-harvest  management 

Optimum  maturity  of  the  tomato  depends  upon  the  marketing  and  other  process¬ 
ing  purpose.  The  maturity  stage  of  tomato  fruits  is  classified  by  USDA  as:  mature 
green,  breaker,  turning,  pink,  light-red  and  red.  Red-ripe  tomatoes  are  preferred 
for  local  market  and  processing  use  and  fruits  at  the  fully  matured  green,  turning 
red  and  pink  are  preferred  for  long-distance  market  and  storage.  T\omato  is  graded 
for  specialized  city  markets,  however,  grading  is  also  in  vogue  in  local  markets.  The 
Bureau  of  Indian  Standards  has  specified  four  grades,  viz  Super  A,  Super,  Fancy 
and  Commercial. 

Storage  and  marketing 

Tomatoes  can  be  stored  in  low  temperature  and  evaporative  cool  storage.  In 
India  tomatoes  are  not  commercially  stored  in  cold  storage.  Pre-cooling  of  tomato 
after  harvest  and  prior  to  storage  and  transportation  are  reported  to  prolong  their 
storage-life.  Tomato  fruits  at  mature  green  stage  could  be  stored  successfully  at 
12°-13°C  in  polythene  bags  of  100  gauze  thickness  for  4-5  weeks.  Storage-life  of 
tomatoes  could  be  increased  by  keeping  in  evaporative  cool  storage  (zero  energy 
cool  chamber).  It  is  found  that  tomato  at  breaker  stage  stored  in  zero  energy  cool 
chamber  during  summer  extended  shelf-life  by  4—5  days.  The  cool  chamber  has 
been  found  effective  in  maintaining  fruit  acceptability  for  longer  period  and  mini¬ 
mizing  weight  loss  considerably. 

Usually  bamboo  basket  and  wooden  boxes  of  various  size  and  shapes  are  used 
for  packing  of  tomatoes.  Wooden  boxes  are  generally  used  for  packing  for  long 
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distance  markets.  Use  of  polythene  for  pre-packaging  of  tomatoes  could  reduce 
the  physiological  losses  in  weight  and  increases  the  shelf-life. 

PLANT  PROTECTION 

Tomato  crop  is  prone  to  many  diseases.  Some  of  the  most  important  diseases 
which  are  found  in  India  are  presented  below: 

Bacterial  diseases 

Bacterial  wilt :  Caused  by  Pseudomonas  solanacerum  (El  Sm).  Most  serious  dis¬ 
ease  in  tropical  as  well  as  temperate  regions.  Lower  leaves  may  drop  before  wilting, 
plants  are  stunted  with  yellow  leaves.  Pith  of  root  is  dark-brown  to  black  in  colour 
and  water  soaked.  The  disease  is  soil  inhibitant.  Use  of  resistant  varieties,  crop 
rotation  and  application  of  oil  cakes,  neem  cakes  coconut  pith  are  the  control 
measures  for  controlling  the  diseases. 

Fungal  diseases 

Damping  off  and  root  rot:  This  disease  is  caused  by  Pythium  ultimum 
Rhizoctoma  solam,  Phytophthora  parasitica.  It  leads  to  pre-emergence  damping  off 
which  consists  of  killing  of  seedlings  from  initial  stages  of  seed  germination  to  the 
emergence  above  soil.  Post-emergence  consists  of  rapid  shrinking  and  darkening 
of  cortical  tissue  of  the  hypocotyl. 

Seed  treatment  with  Cerasan  of  Copper  oxychloride  @  2g/kg  and  spraying  of 
seedlings  with  Captan  or  Phytolon  are  effective  in  controlling  post-emergence 
damping  off.  The  disease  is  more  serious  when  excess  of  water  is  supplied  and 
temperature  is  high. 

Late  blight:  This  disease  is  caused  by  Phytophthera  infestans  (Mont)  Disease 
occurs  on  the  foliage  at  any  stage  of  growth.  Brown  to  purple  black  lesions  occur 
in  the  leaflet,  petiole,  fruit  and  stem.  At  later  stage  plants  die.  The  disease  appears 
at  low  temperature  and  high  humidity.  For  controlling  the  disease,  crop  is  not 
planted  near  potato.  Use  of  resistant  variety  is  the  effective  control.  Application  of 
Zineb  and  Diathane  Z  78  are  effective  at  early  stage. 

Fusarium  wilt:  This  disease  is  caused  by  Fusanum  oxysporum  lycopersci  (Snyder 
and  Horsen).  This  disease  is  common  in  warm  humid  climate  and  is  temperature 
dependent.  Optimum  temperature  of  28°C  is  suitable  for  fungi  growth.  Fungus  is 
a  soil  inhabitant.  Symptoms  consist  of  clearing  of  vein  let,  dropping  of  petiole,  in 
field  yellowing  of  lower  leaves  lead  to  death  of  plant  at  later  stage.  Browning  of' 
vascular  bundles  is  also  common  at  later  stage.  Crop  rotation,  use  of  resistant 
varieties  is  sure  and  effective  control. 

Early  blight:  This  disease  is  caused  by  Altemaria  solam  (Jones  and  Grant)  fungus 
is  a  soil-borne.  Circular  angular  dark-brown  spots  appear  on  leaves  stem  and  fruit. 
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Concentric  circles  of  2-5mm  in  diameter  are  formed  at  advance  stage.  Fruits  are 
also  affected  showing  sunken  large  dark-brown  leathery  spots  on  green  and  round 
fruits.  Seed  treatment  in  hot  water  at  52-55°C  and  spray  of  Diathane  Z  78  or  M  45 
and  Zineb  are  helpful  in  controlling  the  disease. 

Virus  diseases 

Tobacco  Mosaic  virus:  This  disease  cause  mild  mottling  of  foliage.  Sometimes 
leaf  blade  is  reduced  to  fern  like  appearance.  Yellow  chlorosis  is  more  prominent 
fruits  are  also  distorted.  This  disease  spreads  through  debris  of  infected  plants 
through  soil  and  mechanical  means.  This  disease  can  be  controlled  by  use  of  resist¬ 
ant  varieties,  proper  sanitation  and  avoiding  contact  by  smokers. 

Leaf  curl  virus:  This  disease  is  more  serious  during  autumn  crop.  The  disease  is 
characterized  by  curling  of  leaves,  reduction  in  leaf  size,  excessive  branching  and 
stunted  plant  growth.  The  virus  spreads  through  a  vector  white  fly  ( Bemisia  tabaci). 
The  disease  can  be  checked  by  control  of  whitefly  by  sprays  of  insecticide  like 
Rogor  and  Dimacron  8-10  days  interval. 

PEST 

Tomato  fruit  worm  (Borer)  (Heliotbis  armigera ):  Moths  are  brown  to  yellow¬ 
ish-brown  in  colour.  Caterpillar  are  green  in  colour  they  attack  during  October- 
March.  They  roll  over  the  leaves  and  find  their  way  to  the  fruits  where  they  cut 
holes.  Pest  is  controlled  by  picking  the  fruits  and  spraying  of  contact  insecticides 

like  Carbaryl  0.2%  and  Inchlorophos  0.25%. 

Jassids  (Empoasca  devestan ):  Jassids  suck  the  sap  from  the  leaves  causing  curl¬ 
ing  of  leaves.  Sprays  of  Endrin,  Parathon  are  effective  in  controlling. 

whitefly  (Bemisia  tabaci ):  They  are  minute  white  pigmented  insects  suck  sap 
of  plants.  Control  measures  are  discussed  in  leaf-curl  disease  control. 

Nematodes 

Three  species  Meloidogyne  incognita,  Melodogyne  arenana  and  Meloidogyne 
javanica  are  common  in  tomato.  Symptoms  consist  of  foliage  discolouration  to 
pale  than  normal  unthrifty  development,  dwarfness  and  wilting.  The  disease  can 
be  controlled  by  use  of  resistant  varieties,  namely  P  120,  Nematax,  Anahu,  Atkisen, 
VNF  8.  Several  methods  like  use  of  Dichloropropan  di  chloropropane  mixture 
(DD)  and  Dimethoate  are  recommended. 

DISORDERS 

Blossom  end  rot:  Watersoaked  spots  appear  at  the  point  of  attachment  and  en¬ 
large  rapidly.  This  disease  occurs  due  to  reduced  soil-moisture  especially  at  fruit 
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Plant  protection  calender 


Disease/pest 

Fungicides/insecticides 

Doses 

Late  blight 

Mancozeb  0.2% 

Copper  oxychloride  0.3% 

Captafol  0.2% 

4  sprays  15  days  interval 

3  sprays  1 5  days  interval 

3  sprays  1 5  days  interval 

Early  blight 

Mancozeb  0.25% 

Captafol  0.2% 

Zineb  0.2% 

3  sprays  1 5  days  interval 

3  sprays  1 5  days  interval 

3  sprays  1 5  days  interval 

Buck  eye  rot 

Chlorothalonil  0.2% 

Captafol  0.3% 

2  sprays  1 5  days  interval 

3  sprays  1 5  days  interval 

Tomato  spotted 
Wilt  virus 
fruit  borers 

Carbofuran  1.25kg  a.iTha 

Two  sprays  at  flowering  with  fenvalerate 
or  cypermethrin  @  30g  a.iVha  or 
delamethrin  lOg  a.i./ha  followed  by 
one  spray  of  quinalphos  or  mono- 
crotophos  or  trizophos  @500g  a.i./ha 

Soil 

development  stage.  This  disease  also  occurs  due  to  calcium  deficiency.  Any  cul¬ 
tural  practices  which  conserve  soil-moisture  and  spraying  of  calcium  help  in  con¬ 
trolling  the  disease. 

Cracking:  Radial  cracking  is  more  damaging  as  compared  to  concentric  crack¬ 
ing.  Genetical  factors  as  well  as  environmental  factors  are  responsible  for  cracking. 
Use  of  resistant  varieties  like  Sioux,  Manulucie  and  picking  of  fruit  before  full 
ripening  reduces  the  incidence  of  cracking. 

SEED  PRODUCTION 

For  seed  production,  it  is  essential  to  produce  a  healthy  crop  and  plant  should  be 
true-to-type.  It  is  essential  to  maintain  isolation  distance  of  50-100m  with  other 
varieties.  Agronomic  practices  are  same  as  for  vegetable  purpose.  Crop  should  be 
inspected,  the  off-type  and  diseased  plants  are  removed.  Natural  cross  pollination 
was  3.84%  in  alternate  rows  of  60cms  and  1.74%  in  240cm  distance  in  autumn 
crop.  The  cross  pollination  reduces  during  summer  months. 

Seed  extraction:  Ripe  fruits  are  crushed  in  non  metalic  box  by  hand.  No  fruit 
juice  should  be  allowed  to  drain  out.  Entire  mass  is  kept  for  24-72hrs  depending 
upon  high  and  low  temperature.  Seed  will  settle  down  at  bottom.  Remove  fer¬ 
mented  mass  and  clean  the  seed  8-10  times  in  clean  water  then  dned  in  shade. 

Alkali  treatment:  Fruit  cut  into  halves  and  scoop  out  slimy  mass  containing 
seed.  Treat  with  300g  washing  soda  in  4  litre  of  boiling  water  in  equal  volume. 
When  mixture  is  cooled  down  allow  to  stand  overnight.  Next  day  seeds  are  washed 
throughly. 

Acid  treatment  method:  Slimy  mass  treated  with  hydrochloric  acid  @  75ml  per 
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12kg  of  mass.  Seeds  are  separated  15-30  minutes.  Acidified  liquid  is  removed  and 
seed  is  separated.  In  this  method  seed  germination  is  affected. 


Brinjal 

( Solatium  melongena  L.) 

Narendra  Singh  and  T  S  Kalda 


Brinjal,  eggplant  or  aubergine  (. Solarium  melongena  L.)  is  one  of  the  most  commonly 
grown  vegetable  crops  in  India.  It  is  adapted  to  a  wide  range  of  climatic  conditions. 
It  has  a  long  bearing  period  when  grown  under  mild  climate  of  southern  states  but 
its  bearing  is  shortened  under  hot  summer  and  cold  winter  seasons  of  Sutlej-Ganga 
Alluvial  plains  of  northern  India.  In  hilly  regions,  it  is  grown  only  in  summer.  A 
large  number  of  cultivars  are  grown  in  the  country  depending  on  regional 
preferences  for  colour,  size  and  shape  of  the  fruits. 

Table  1 .  Area  production  and  productivity  of  brinjal  for  the  year  1 995-96 


State/UT's 


Area 

(ha) 


Production 
(metric  tonnes) 


Productivity 

(metric  tonnes/ha) 


Andhra  Pradesh 

18,897 

Arunchal  Pradesh 

560 

Assam 

12,515 

Bihar 

68,209 

Delhi 

1,214 

Gujarat 

24,450 

Haryana 

3,950 

Himachal  Pradesh 

265 

Jammu  and  Kashmir 

460 

Karnataka 

26,050 

Madhya  Pradesh 

19,760 

Maharashtra 

24,742 

Manipur 

165 

Meghalaya 

125 

Mizoram 

695 

Nagaland 

181 

Orissa 

1,36,578 

Punjab 

1,800 

Rajasthan 

5,461 

Tamil  Nadu 

8,836 

Uttar  Pradesh  (Hills) 

1,862 

Uttar  Pradesh  (Plains) 

7,829 

West  Bengal 

69,000 

Andaman  and  Nicobar 

310 

Daman  and  Diu 

8 

Pondicherry 

280 

Total 

4,34,202 

3,77,940 

20.00 

1,960 

3.50 

18,87,725 

15.00 

13,64,180 

20.00 

13,961 

11.50 

2,95,908 

12.10 

69,900 

17.70 

4,532 

17.10 

4,600 

10.00 

7,03,350 

27.00 

1,97,000 

9.97 

3,89,388 

15.74 

828 

5.02 

1,040 

8.32 

2,755 

3.96 

2,262 

12.50 

17,29,140 

12.66 

26,600 

14.78 

17,750 

3.25 

1,15,300 

13.05 

9,388 

5.04 

2,32,978 

29.76 

6,90,000 

10.00 

217 

- 

160 

20.00 

4,200 

15.00 

64,43,062 

14.84 

UT,  Union  territories 
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Distribution,  area  and  production 

In  addition  to  India,  other  major  bnnjal  producing  countries  are  China, Turkey, 
Japan,  Egypt,  Italy,  Indonesia,  Iraq,  Syria,  Spain  and  Phillipines.  India  contributes 
6,44,3062mt  to  the  global  production  of  bnnjal  and  ranks  second  to  China.  Bnnjal 
covers  8.14 /o  of  total  vegetable  area  and  produces  9%  of  total  vegetable  production 
in  India. 

In  India  it  is  well  distributed  in  Onssa,  Bihar,  Karnataka,  West  Bengal,  Andhra 
Pradesh,  Maharashtra  and  Uttar  Pradesh.  The  total  area,  production  and 
productivity/ha  as  given  in  the  Yearbook  of  National  Horticultural  Board,  New 
Delhi  is  presented  in  Table  1. 

Food  value  and  uses 

Brinjal  fruits  are  a  fairly  good  source  of  calcium,  phosphorus,  iron  and  vitamins 
particularly  B  group.  Analysis  of  edible  parts  of  fruit  (except  stalk  and  calyx)  gave 
the  following  values  (per  lOOg  fresh  weight):  moisture,  92.7g;  protein,  1.4g;  fat, 
0.3g;  minerals,  0.3g;  fibre,  1.3g;  carbohydrates,  4.0g.  The  mineral  constituents  per 
lOOg  edible  portion  are:  Ca,  18mg;  Mg,  16mg;  0,  47mg  riboflavin  (phytin  P  3mg); 
Fe,  0.9  mg  (lomsable  Fe,  0.8mg);  Na,  3mg;  Cu,  0.17mg;  S,  44mg;  Cl,  52mg  and  Mn’ 
2.4mg.  A  small  quantity  of  iodine  (7  microg/kg)  is  also  present.  The  vitamins 
present  are  vit.  A,  124  iu;  Thiamin  (B,),  0.4mg;  riboflavin  (B2),  O.llmg,  nicotinic 
1963  °-9mg;  vit-  Q12mgl  choline,  52mg/100g  of  edible  portion  (Aykroid, 

Some  reports  suggest  that  vitamin  C  content  of  the  fruits  varies  according  to 
varieties.  A  value  of  24.2mg/100g  vitamin  C  has  also  been  reported  but  most  of 
the  values  are  found  within  4-12mg/100g.  Leaves  contain  more  vitamin  C 
38-104.70mg/100g)  than  that  of  the  fruits.  Pigmented,  dark-purple  brinjal  has 
more  vitamin  C  than  those  with  white  skin.  Vitamin  C  content  of  brinjal  is  affected 
by  canning.  Toasting  of  fruits  raises  the  nicotinic  acid  at  the  expense  of  tngonellin 

which  is  present  in  it  and  66-69%  of  it  is  converted  into  nicotinic  acid  during 
toasting. 

Bnnjal  is  reported  to  stimulate  the  intrapeptic  metabolism  of  blood  cholesterol. 
Leaf  and  fruit,  fresh  or  dry  produce  marked  drop  in  blood  cholesterol  level.  The 
de-cholestrolizing  action  is  attributed  to  the  presence  of  poly-unsaturated  fatty 
acids  (linoleic  and  lenolenic)  which  are  present  in  flesh  and  seeds  of  the  fruit  in 
higher  amount  (65.1%).  The  presence  of  magnesium  and  potassium  salts  also  helps 
in  de-cholestrolizing  action.  Aqueous  extracts  of  fruit  inhibit  choline  esterase  activity 
of  human  plasma.  Dry  fruit  is  reported  to  contain  goitrogenic  principles. 

Botany 

Brinjal  belongs  to  family  Solanaceae.  The  plant  is  erect,  semi-erect  or  prostate, 
herbaceous  and  branched  in  nature  which  is  about  one  meter  or  lower  in  height.  It 
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is  wooly  or  scurfy,  spiny  or  non-spiny  with  or  without  pigmentation  which  is  mainly 
anthocyanin.  Leaves  are  opposite  or  sub-opposite,  large,  ovate  or  oblongish-ovate, 
shallowly  sinnate-lobbed,  glabrous  or  nearly  glabrous  above,  bit  densely  tomentose 
beneath.  Normal  flower  is  pentamerous  and  hermaphrodite,  solitary  or  in  2-7 
flowered  cyme.  Calyx  is  wooly  or  non-wooly,  spiny  or  non-spiny,  persistent  and 
accrescent.  Carolla  is  lobed,  spreading  with  different  shades  or  purple  to  light- 
pink  or  white.  Stamens  free,  erect,  yellow  with  short  filaments,  flat  at  the  base, 
long,  narrow  anthers  forming  a  loose  cone  which  surround  the  style.  Each  anther 
opens  into  two  terminal  pores,  come  out  of  which,  the  mature  pollen  grains  at  the 
time  of  anthesis.  Ovary  is  two  locular  with  multi-ovules.  Heterostyly  is  common 
feature  in  multi-flower  cymes  except  in  bunchy  type  cultivars.  Fruit  is  a  berry  showing 
a  great  variety  in  colour,  size  and  shape.  Fruit  colour  may  be  nearly  black,  different 
shades  of  purple  of  violet-purple,  white  or  uniformly-green,  variegated-green  or 
variegated-purple.  On  maturity,  at  the  Time  of  ripening  of  seeds,  the  fruit  becomes 
brown  or  yellow  to  bright-orange.  Fruit  shape  may  be  long,  oblong,  oval,  round, 
obvoid,  ellipsoid,  eggshaped,  spherical,  cylindrical  or  elongated.  Fruits  are  small  to 
large  in  size. 

Flowering,  pollination  and  fruit  setting 

Brinjal  is  a  self-pollinated  crop  but  cross-pollination  also  occurs  in  it.  This  is 
because  it  has  pronounced  heterostyly  which  favours  cross-pollination.  Sixty  to 
seventy  per  cent  fruit  setting  happens  through  pollination  by  insects  while  30- 
40%  is  by  selling.  Bumble  bees  ( Bombus  species)  and  honey  bees  (Apis  species )  are 
the  insects  which  do  most  of  the  pollination.  The  lack  of  suitable  pollinators  favours 
selfing  in  this  crop.  The  pollinating  role  of  another  bee  species,  Exomalopsis  biliottii, 
has  been  noted  in  Solanaceous  crops,  specially  in  brinjal.  To  encourage  pollination 
and  visit  of  these  bees,  Mimosa  pudica  plants  should  be  planted  in  vicinity  of 
brinjal. 

Brinjal  is  a  day-neutral  plant.  Fruit  setting  is  affected  neither  by  natural  light 
duration  nor  by  relative  humidity  but  mainly  by  the  average  maximum  temperature 
(21-27°C)  and  precipitation  during  the  first  five  days  after  flower  opening.  The 
effects  of  maximum  temperature  and  precipitation  on  fruit-setting  are  separate  to 
each  other  and  are  governed  by  additive  factors.  The  flower  formation  or  flowering 
in  this  crop  is  affected  by  nutritional  factors.  The  fertility  level  of  soil  seems  to 
cause  a  great  difference  in  flower  initiation  and  development  than  it  does  in  those 
plants  which  respond  to  photoperiod  and  vernalization.  The  optimum  temperature 
for  normal  growth  and  development  of  plant  and  fruits  is  21-30°C  or  below, 
above  this  the  growth  stops  completely.  The  optimum  temperature  for  seed 
germination  is  20-25°C  with  50%  and  above  relative  humidity. 

Opening  of  flowers  and  dehiscence  of  anthers  normally  go  together.  Generally, 


31 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


opening  of  flowers  takes  place  at  6-7:30hr  in  summer  which  is  delayed  to  11:1 5hr 
in  winter  at  Delhi.  High  temperature  and  high  humidity  in  the  morning  hours 
hasten  the  opening  of  flowers  and  dehiscence  of  anthers.  At  Bangalore  the  maximum 
anthesis  occurs  at  6-7hr.  After  8hr  there  is  decline  in  anthesis  in  most  of  the 
cultivars  until  12  noon. 

Brinjal  flowers  are  divided  into  four  types,  namely  (i)  long  styled,  (ii)  medium 
styled,  (iii)  pseudo-short  styled  and  (iv)  short  styled.  The  difference  in  position  of 
stigma  from  anther  tips  in  these  four  types  was  due  to  the  length  of  style.  The 
maximum  fruit  setting  in  different  cultivars  was  in  long  styled  flowers  which  ranged 
from  70-86.7%.  In  medium  styled  it  ranged  between  12.5  and  55.6%.  There  is  no 
fruit  setting  in  pesudo-short  and  short-styled  flowers. 

Taxonomy 

Brinjal  ( Solarium  melongena  L.)  belongs  to  the  family  Solanaceae.  All  the  present 
day  cultivars  belong  to  three  varieties  of  equal  rank  of  the  species.  These  varieties 
are  (a)  esculentum,  which  includes  round  and  egg-shaped  cultivars;  (b)  serpentinum 
has  long,  slender  types  and  (c)  depressum  includes  all  early  and  dwarf  brinjal  cultivars. 

Singh  (1972)  cited  four  main  botanical  varieties,  namely  (1)  Solanum  melongena 
var.  incanum  (Linn.)  Kuntze  (Syn.  S.  incanum  Linn.,  S.  coagulans  (Forsk);  (2)  S. 
melongena  var.  melongena  (Syn.  S.  melongena  var.  esculenta  Nees);  (3)  S.  melongena 
var.  depressum  Bailey;  and  (4)  S.  melongena  var.  serpentinum  (Desf.)  Bailey  (Syn. 
S.  serpentinum  Desf.). 

Filov  (1940)  classified  both  cultivated  and  wild  forms  of  brinjal  on  agro-ecological 
basis.  He  grouped  them  into  five  sub-species  and  stated  that  the  wild  forms  are 
mostly  found  in  India.  The  five  sub-species  are:  (i)  agrestis,  it  includes  those  forms 
which  bear  extremely  bitter  and  inedible  fruits;  (ii)  occidental,  includes  such  forms 
which  arose  in  western  Asia  minor  under  conditions  of  adequate  humidity  and 
high  temperature;  (iii)  onentale-asiaticus,  which  had  its  origin  in  Japan  and  to  some 
extent  in  China;  (iv)  palestmicum,  a  hydrophytic  type  which  is  adapted  to  withstand 
high  temperature;  and  (v)  arabico ■  italicum,  has  bitter  fruits  and  is  only  of  ornamental 
value. 

Crossability  of  species 

In  fact,  Solanum  is  a  very  large  genus.  It  includes  both  tuberous  and  non-tuberous 
group  of  species.  The  chromosome  number  of  many  species  under  non-tuberous 
group  is  fairly  stable  as  2n=2x=24.  There  are  38  Asian  species  which  include  22 
Indian  species.  These  are  morphologically  classified  into  two  natural  groups.  It  is 
said  that  the  groups  do  not  cross  with  the  other  which  is  not  true.  Among  the 
Indian  species,  Solanum  melongena  L.  is  economically  important  and  is  included  in 
the  prickly  group.  Other  species  which  are  morphologically  related  to  it  are  S. 
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incanum  L;  5.  xanthocarpum  Schard;  S.  indicum  and  S.  maccanii  Santapau.  S.  incanum 
L  and  S.  coagulans  Forsk  are  the  same  and  they  produce  fertile  hybrids  in  cross 
with  S.  melongena.  It  is  stated  that  S.  melongena  is  more  closely  related  to  S.  incanum 
than  to  any  other  species  of  Solanum.  Studies  on  interspecific  cross  compatibility 
and  chromosome  behaviour  at  meosis  in  Ft  hybrids  between  a  non-pnckly  Solanum 
pubescens  and  prickly  S.  melongena  and  S.  melongena  var.  insanum,  have  shown  that 
these  species  are  cross-compatible  and  retain  suficient  chromosomal  homologies 
to  permit  pairing  and  recombine  in  heteriozyous  state.  Besides  establishing  close 
relationship  between  these  species,  it  also  establishes  that  non-prickly  and  prickly 
groups  can  cross  with  each  other. 

Eleven  Solanum  species  were  classified  into  three  groups  on  the  basis  of  their 
interespecific  compatibility:  (A)  Solanum  melongena ,  S.  incanum  and  S.  macrocarpum 
(B)  S.  integnfolium,  S.  gilo  and  S.  nodiforum  and  (C)  S.  indicum,  S.  mammosum,  S. 
torvum,  S.  sisymbnfolium  and  S.  toxicarium.  Crosses  were  compatible  within  group 
A  or  Group  B  and  between  group  B  X'  group  A  but  were  otherwise  incompatible. 

Origin 

Bnnjal  is  herbaceous,  prickly  perennial  but  cultivated  as  annual  plant.  Today’s 
cultivated  forms  are  quite  different  from  the  wild  relatives  such  as  Solanum  incanum 
Linn,  or  S.  insanum  Roxb.  But,  it  is  certain  that  hybrid  vigour  through  natural  and 
planned  crossings  and  continuous  selection  by  man  has  played  an  important  role 
in  the  evolution  of  present  day  cultivated  forms  of  bnnjal. 

De  Condolle  (1886)  wrote  that  Solanum  melongena  has  been  known  in  India 
since  a  long  time.  He  also  wrote  that  Thunberg  did  not  mention  it  in  Japan  though 
several  varieties  are  now  cultivated  in  that  country.  The  Greeks  and  Romans  did 
not  know  the  species  and  botanists  in  Europe  did  not  mention  it  before  the 
beginning  of  17th  Century,  but  its  cultivation  must  have  spread  towards  Africa 
before  the  middle  ages.  The  existence  of  a  name  ‘tabendjalts’  among  the  Berbers 
or  Kabyies  of  the  province  of  Algiers  established  its  antiquity  in  northern  Africa. 

Vavilov  (1928)  mentioned  about  the  occurrence  of  5.  melongena  L  in  the  ‘Indian 
Centre  of  Origin  of  Cultivated  Plants’  including  Assam  and  Burma.  He  also 
mentioned  occurrence  of  a  special  form  of  S.  melongena  with  small  fruits  in  the 
‘Chinese  Centre  of  Origin  of  Cultivated  Plants’.  He  subscribed  that  varietal  and 
specific  diversity  is  highest  in  India  and  viewed  Indo-Burma  region  as  the  possible 
centre  of  origin  of  bnnjal. 


CROP  IMPROVEMENT 

Mostly  selection,  hybridization  and  heterosis  have  been  used  for  improvement  of 
bnnjal. 
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Selection 

Isolation  of  desirable  plants  from  a  variable  population  is  the  pre-requisite  of 
selection.  In  brinjal,  desirable  plants  are  selected  from  a  genetic  collection  in  order 
to  develop  a  variety.  Selected  plants  are  purified  and  evaluated  for  superiority  against 
the  standard  genotype  and  released  as  a  new  variety.  Pure  line  selection  is  another 
method  in  which  progeny  of  each  plant  is  grown  and  superior  progenies  are  selected 
in  first  year,  tested  in  second  year  and  so  on.  The  progenies  showing  superior 
performance  are  selected  and  evaluated  against  standard  variety  and  superior  lines 
are  released  as  improved  varieties.  Improved  cultivars  which  were  developed  by 
selection  and  released  for  cultivation  in  different  regions  of  the  country  are  given 
in  Table  2. 

Hybridization 

A  wide  range  of  variability  is  available  to  the  breeders  in  brinjal  improvement 
programme.  Superior  genotypes  and  genotypes  of  wider  diversity  are  being  used 
in  hybridization  for  the  gain  of  photosynthetic  activity  of  the  plants,  exploitation 
of  heterosis  for  more  productivity,  incorporation  of  resistance  against  destructive 
insect  pests  and  diseases  and  development  of  cultivars  of  better  quality  and  nutrition. 

The  objective  of  hybridization  is  to  produce  variability  and  select  desirable  plants 
in  the  advancing  generations  in  order  to  produce  improved  pure  lines.  While  going 
for  hybridization,  selection  of  parents  is  important.  Parents  are  selected  on  the 
basis  of  desirable  phenotypic  characters  required  to  be  incorporated  and  also  on 


Pusa  Ankur 
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Pusa  Upkar 


the  general  combining  ability  (gca)  of  the  lines /parents.  Lines  which  show  high 
gca  and  more  additive  genetic  variance  are  given  high  consideration  in  hybridisation. 
Another  consideration  which  should  not  be  ignored  is  to  include  locally  adapted 
parent  in  the  programme  so  that  finally  selected  stain  may  have  wider  adaptability 
and  stability  in  the  region.  Some  old  and  newly  evolved  varieties  by  hybridization 
are  listed  in  Table  3.  It  may  be  seen  that  one  of  the  parents  involved  in  these 
varieties  was  mostly  a  local  parent  which  resulted  into  the  successful  survival  of 
the  variety  in  the  area. 

Heterosis 

Heterosis  or  hybrid  vigour  in  positive  terms  is  an  amount  by  which  the  mean  of 
F1  family  exceeds  better  parent.  Heterosis  in  terms  of  yield  of  a  cross  is  the  result 
of  cumulative  effect  of  interaction  of  three  major  contributing  components,  namely 
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Table  4.  Some  F,  hybrids  of  brinjal  released  under  publi. 
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number,  weight  and  size  of  fruits.  The  magnitude  of  heterosis  can  vary  due  to 
crossing  of  parents  and  their  interaction  with  environment.  Normally,  crosses 
showing  high  dominance  variance  for  number,  weight  and  size  of  fruits,  period  of 
fruiting  and  total  yield  are  best  for  exploitation  of  heterosis.  Generally,  parents 
showing  wider  diversity  in  morphological  phenotypic  characters  are  expected  to 
show  increased  heterosis.  For  production  of  hybrid  seed,  emasculation  and 
hand  pollination  are  generally  employed  in  brinjal.  In  order  to  keep  the  genetic 
purity  of  parental  lines,  Kalda  and  Gupta  (1986)  suggested  the  method  of 
maintenance  of  such  lines  by  vegetative  propagation.  A  list  of  F,  hybrids  released 
under  the  public  sector  are  given  in  Table  4. 

CROP  PRODUCTION 

Climate 

Brinjal  is  susceptible  to  severe  frost.  A  long  and  warm  growing  season  with 
temperature  range  of  21°-27°C  is  most  favourable  for  its  successful  production. 
In  northern  India,  the  crop  is  adversely  affected  during  December-February  due 
to  low  night  temperature.  Late  cultivars,  however,  withstand  mild  frost  and  continue 
to  bear  some  fruits.  The  brinjal  grown  in  warm  season  shows  luxurious  growth 
and  starts  bearing  from  the  initial  flowers  while  in  cool  season  its  growth  is  poor 
and  slow  and  fruit  size,  quality  and  production  are  adversely  affected. 
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Table  5.  Recommendations  of  spacing,  N,  P_,Os  and  K,0  with  farmyard  manure 

in  some  states  of  India 


State 

Spacing  (cm) 

NPK  (Kg) 

FYM  (tonne/ha) 

Andhra  Pradesh 

75x54 

100-60-60 

25-30 

Arunachal  Pradesh 

- 

100-60-60 

20-25 

Assam 

75x60 

50-50-50 

10-20 

Bihar 

- 

160-88-90 

20-25 

Delhi 

75x60 

100-80-60 

25-30 

Gujarat 

90x60 

100-50-50 

15-20 

Haryana 

75x60 

60x60 

100-50-50 

25-30 

Himachal  Pradesh 

60x45 

45-60-40 

Karnataka 

75x60 

125-10-50 

25-30 

Kerala 

75x60 

75-40-25 

20-25 

Madhya  Pradesh 

60x45 

100-60-25 

20-25 

Maharashtra 

75x75 

90-40-0 

25-30 

Mizoram 

60x45 

50-30-30 

10-15 

Orrisa 

60x45 

125-80-110 

Punjab 

60x45 

125-62-30 

25-30 

Rajasthan 

60x60 

80-80-60 

15-20 

Tamil  Nadu 

75x60 

100-50-30 

25-30 

Uttar  Pradesh 

75x60 

100-50-50 

25-30 

West  Bengal 

90x75 

120-50-50 

15-20 

Soil 

Brtnjal  practically  grows  on  all  soils  ranging  from  light  sand  to  heavy  clay.  Sandy 
soils  are  good  for  an  early  crop  production  while  silt-loam  or  clay-loam  are  good 
for  heavy  production.  Generally,  well  drained  and  fertile  sandy-loam  soils  are 
preferred  for  bnnjal  cultivation.  The  best  pH  range  of  soil  is  5. 5-6.6  for  better 
growth  and  development  of  crop.  However,  several  culdvars  are  grown  successfully 
under  high  pH  level  with  rich  application  of  farmyard  manure. 

Sowing  season 

Bnnjal  is  cultivated  throughout  India  and  can  grow  under  a  wide  range  of  climatic 
conditions.  Its  sowing  and  transplanting  time  varies  according  to  the  agroclimatic 
condition  of  the  region.  Under  the  harsh  climate  of  northern  India  two  sowings 
are  normally  done  (1)  June-July  for  autumn-  winter  crop  and  (2)  November  for 
spring  summer  crop.  November  sowing  is  protected  from  winter  injury  during 
night  and  it  takes  6-8  weeks  for  the  seedlings  to  be  of  size  suitable  for  transplanting. 
Seedlings  of  June-July  sowing  are  ready  for  transplanting  in  about  four  weeks. 
Sowing  time  in  other  parts  of  the  country  is  from  June-September  and  again  in 
December-January.  In  hilly  regions,  sowing  of  seed  is  done  from  March-April  and 
seedlings  are  transplanted  in  May. 
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Raising  of  nursery 

Seeds  are  sown  in  finely  prepared  raised  nursery  beds  which  are  ~0-fficm  hig 
alternating  with  water  channels.  A  sufficient  amount  of  fine  and  fully  decomposed 
farmyard  manure  (FYM)  or  compost  is  well  mixed  in  the  nursery  soil  a  few  days 
before  sowing.  A  reasonable  amount  of  single  superphosphate  and  muriate  of 
potash  are  added  along  with  FYM/compost.  A  day  or  two  before  sowing,  the 
nursery  beds  should  be  thoroughly  drenched  with  Captan  suspension  m  order  to 
avoid  occurrence  of  damping  off  disease.  Wheat  straw  or  long  dry  grass  or  other 
mulching  materials  should  be  used  to  cover  the  soil  after  sowing  till  occurrence  o 
seed  germination.  Two  hundred  to  300g  seed  is  sufficient  to  cover  one  hectare  of 
land  with  30,000-45,000  seedlings. 

Soil  preparation  , 

Brinjal  is  long-duration  crop  and  is  a  good  yielder.  It  requires  soils  o  goo 

fertility.  Poor  soils  should  be  avoided  or  should  be  heavily  manured.  Soil  is  pre¬ 
pared  to  fine  tilth  by  giving  ^H5  ploughings.  Well  rotten  organic  manure  like  farm¬ 
yard  manure  or  city  compost  is  incorporated  into  the  soil  well  before  the  fma 

preparation. 

Spacing  and  transplanting 

Stocky,  healthy  seedlings  which  are  free  of  disease  and;  shoot  and  fruit  borer 
infestation  and  have  attained  a  height  of  10-1 2cm  with  3-4  leaves  are  selected  and 
transplanted.  Moreover,  distance  of  60  x  45cm  should  be  given  for  long  fruited 
cultivars  and  75-60cm  and  90  x  90cm  for  vigorous  growing,  round  and  high 
yielding  cultivars,  respectively.  However,  it  is  seen  that  45  X  45cm  is  sufficient  for 
early  and  dwarf  types  while  60  x  45  or  60  x  60cm  is  suficient  for  semi-vigorous  or 
mid-season  varieties.  Late  or  highly  vigorous  cultivars  can  have  a  wider  distance  to 
sustain  a  longer  growing  and  bearing  period.  Four  spacings  are  generally 
recommended,  i.e.  60  x  45cm,  75  X  60cm  and  75  x  75cm  depending  upon  the  size 
and  spread  of’  the  plant  besides  duration  of  bearing  period.  Highly  vigorous  bushy 
and  late  bearing  cultivars  are  given  wider  distance  as  compared  to  dwarf,  upright 

and  early  types. 

Manures  and  fertilizers  requirement 

Brinjal  plant  has  to  bear  fruits  for  several  months  and  is  a  good  feeder  of  macro¬ 
nutrients.  It  is  observed  that  brinjal  grown  following  a  leguminous  crop  or  green 
manuring,  yields  higher  than  following  a  non-leguminous  or  without  green  manuring 
crop.  Higher  soil  fertility  and  better  soil  conditions  have  a  significant  influence  on 
its  production.  Application  of  more  farmyard  manure  has  a  positive  response  on 
yield.  NPK  application  is  done  in  form  of  inorganic  manures. 
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Subbiah  and  Sundararajan  (1990)  studied  fertilizer  requirements  for  targetted 
production  of  bnnjal  and  found  that  7.6kg  N,  1.4kg  P  and  17.3kg  %  per  hectare 
will  be  required  for  production  of  one  tonne  of  bnnjal  fruits  (cv.  CO  2).  It  is 
generally,  advised  that  1/3— 1/2  dose  of  nitrogen  should  be  given  as  basal  dose 
along  with  other  fertilizers.  But,  it  is  also  reported  that  nitrogen  application  as  top 
dressing  is  usually  better  utilized  by  plants  than  as  a  basal  dressing. 

It  has  been  reported  that  plant  growth  and  yield  significantly  increase  with 
increasing  doses  of  N  to  a  level  of  75kg  N  per  hectare  and  by  the  foliar  spray  of 
urea  at  1  /o  concentration.  Higher  concentration  of  foliar  spray  were  detrimental. 
Further,  it  has  also  been  reported  that  a  starter  solution  of  nitrogen  (2.5kg  of  N 
per  hectare  in  500  litre  water)  has  recorded  the  higher  yield  of  bnn] al  than  without 
starter  solution.  Recommendations  on  spacing  NPK  and  farmyard  manure  as 
compiled  by  Tandon  (1987)  for  some  states  of  India  are  given  in  Table  5. 

The  deficiency  of  micronutrients  in  bnnjal  has  not  been  noticed  in  field.  But 
some  workers,  however,  have  studied  the  effect  of  their  application.  The  application 
of  minor  elements  had  no  effect  on  vegetative  growth  of  the  plant.  However,  Cu 
increased  the  number  of  flowers  and  fruits,  Zn  improved  the  weight  of  fruits  and 
Mn  showed  similar  but  less  pronounced  effect  on  flowering  and  fruiting.  Ravi 
Chandran  and  Jerome  (1995)  studied  the  beneficial  effect  of  Zn  and  Cu  in  a  silty 
clay  loam,  deficient  in  Zn  and  Cu  in  cv.  Annamalai.  They  reported  the  highest  yield 
of  bnnjal  when  ZnS04  and  CuS04  are  applied  @  25kg/ha  and  12.5kg/ha, 
respectively  as  soil  application  and  in  combination  with  two  foliar  spray  of  0.5% 
Zn  and  single  spray  of  0.15%  Cu. 

Reddy  and  Reddy  (1986)  observed  significant  increase  in  yield  by  application  of 
200ppm  potassium  nitrate,  500ppm  boron  and  500ppm  zinc  sulphate.  Increase  in 
yield  was  attributed  to  the  increased  photosynthesis  by  the  effective  translocation 
of  photosynthates. 

Interculture  and  weed  control 

Bnnjal  being  a  slow  growing  crop  is  unable  to  compete  with  fast  growing  weeds. 

It  is  essential  to  keep  weeds  under  control  from  the  initial  growth  itself.  Shallow 
inter-cultivation  is  given  to  remove  the  weeds.  Care  is  taken  to  avoid  injury  to  the 
developing  root  system.  Three  to  four  hoeing  and  weeding  are  normally  needed 
for  an  effective  control  of  weeds,  proper  aeration  and  good  growth  of  the  plants. 
Earthing  up  is  essential  when  it  is  grown  on  ridges.  Orbanchae  sp.  is  one  of  the 
serious  weeds  affecting  solanaceous  crops  in  some  areas.  It  is  a  root  parasite  and 
should  be  controlled  very  effectively. 

Chemical  weed  control  is  also  practiced  by  farmers  in  different  zones  of  the 
country.  A  pre-planting  treatment  of  1. 0kg  a. i/ha  of  fluchloralin  at  Bangalore  and 
1.5kg  a.i./ha  followed  by  one  hand  weeding  30  days  after  transplanting  at  Hyderabad 
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were  reported  to  be  effective  against  weeds  of  brinjal  and  it  increased  the  yield. 
Mulching  has  also  beneficial  effect  in  suppression  of  weeds. 

Mulching 

Practice  of  mulching  is  not  common  in  brinjal  but  it  has  several  beneficial  effects 
on  plants.  The  most  important  effect  is  that  it  conserves  soil-moisture  and  controls 
weeds.  Mulching  in  brinjal  crop  with  black  polythene  film  reduces  weed 
growth, accelerates  crop  growth,  induces  early  bearing  and  increases  yield.  Sarkanda 
grass  (Erianthus  arundinaceus)  used  as  mulching  material  in  brinjal  has  given 
beneficial  effect  and  higher  yield  in  Haryana. 


Cropping  system 

Brinjal  is  grown  in  different  crop  rotations 
of  cropping  system  are  as  follows: 

throughout  the  year.  The  sequences 

Brinjal 

Turnip 

Cowpea 

(July-December) 

(December-February) 

(March-July) 

Brinjal 

Onion  Green 

Squash  melon  (Tinda) 

(July-November) 

(December-February) 

(February-June) 

Cabbage 

Brinjal 

Radish 

(October-January) 

(February-June) 

(June-September) 

Cowpea 

Brinjal 

Radish 

(March-June) 

(July-December) 

(January-March) 

Cauliflower 

Brinjal 

Cowpea 

(November-February) 

(March-June) 

(July-October) 

Pea 

Brinjal 

Bhindi 

(October-January) 

(February-June) 

(July-October) 

Leafy  vegetables  like  spinach,  amaranth,  fenugreek  ( methi ),  coriander  and  mint 
can  be  grown  in  between  the  rows  of  brinjal.  The  root  crops  like  carrot,  turnip, 
radish  can  be  grown  on  the  ridges  of  the  plots  of  brinjal. 

Irrigation 

Contrary  to  common  belief  that  brinjal  does  not,  need  irrigation,  it  requires 
several  irrigations  for  successful  cultivation.  Timely  irrigation  is  essential  for  fruit- 
set  and  its  development.  High  yields  are  obtained  under  optimum  moisture 
conditions.  When  there  is  danger  of  frost  during  winter,  the  soil  should  be  kept 
moist  to  save  the  crop  from  frost  injury.  It  is  estimated  that  jKXPHOcm  irrigation 
is  required  for  normal  brinjal  crop. 

Under  rainfed  conditions  in  Haryana,  brinjal  when  transplanted  in  paired  rows 


45 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


in  furrows  45cm  apart  with  60cm  wide  ridge,  resulted  in  better  harvesting  and 
effective  utilization  of  rain  water.  Drip  irrigation  was  beneficial  for  reducing  water 
use  and  weed  control.  The  water  used  in  drip  irrigation  was  only  24.47cm  as. 
compared  to  69.18cm  under  furrow  system  of  irrigation. 

Use  of  growth  substances 

Beneficial  effects  of  growth  substances  on  fruit-set  in  brinjal  have  been  reported 
by  several  workers.  Application  of  2,  4-D  (2ppm)  at  flowering  induces  parthenocarpy, 
increases  fruit-set,  advances  fruit  maturation  and  significantly  increases  the  total 
yield.  A  significant  increase  in  yield  (50%)  was  obtained  by  whole  plant  spray  of  2, 
4-D  at  2  ppm  at  intervals  of  one  week  over  a  period  of  60-70  days  from 
commencement  of  flowering.  Spraying  of  2,  4-D  (2.5  ppm),  4  CPA  (20ppm)  and 
n-metatolylphthalamic  acid  (0.5%)  promotes  fruit-set  in  brinjal.  NAA  (60ppm) 
alone  or  in  combination  with  BA  (30ppm)  applied  on  open  flowers  improved  fruit 
set  and  their  development  and  spraying  of  n-metatolylphthalamic  acid  at  250- 
500ppm  considerably  increases  the  early  yield. 

Root-dipping  of  one-month-old  seedlings  in  ascorbic  acid,  GA3,  IAA  and 
thiourea  advances  the  flowering  by  4-5  days.  Highest  yield  was  obtained  from 
plants  whose  roots  were  dipped  in  GA3  +  ascorbic  acid  each  at  250ppm  solution. 

Spray  of  Mixtalol  (long  chain  C  24-C  34  aliphatic  alcohols)  on  cv.  Arka  Navneet 
of  brinjal  has  given  beneficial  effect,  with  single  spray  of  4ppm  solution. 

PLANT  PROTECTION 

Pests 

Jassids,  leaf  eating  beetles,  shoot  and  fruit  borers  and  mites  are  the  main  insect 
pests  that  damage  the  brinjal  crop. 

Jassids:  They  remain  on  the  under  surface  of  the  leaves  and  are  pigmented- 
green.  They  suck  the  sap  of  the  leaves.  The  leaves  become  cup-shaped  and  develop 
signs  of  scorching  along  their  margins.  Both  adults  and  nymphs  are  harmful. 

Epilachna  beetle:  Both  adults  and  grubs  damage  by  feeding  on  the  leaves.  The 
affected  leaves  give  a  lace-appearance  and  turn  brown,  dry  up  and  fall  down. 

Shoot  and  Fruit  borer:  These  are  the  worst  enemies  of  this  crop.  Its  larvae  on 
emergence  bore  into  the  young  shoots  and  fruits.  The  drooping  shoots  in  the  crop 
is  an  indication  of  its  presence.  Plant  growth  gets  stunted.  Affected  fruits  get  rot 
and  fall  down. 

Control  measures:  Start  control  measures  in  2-3  weeks  of  transplanting.  Nip 
off  the  withering  shoots  and  pick  up  the  bored  fruits  daily  and  bury  them  deep 
into  the  soil.  Spray  with  0.025%  carbaryl  or  0.05%  endosulfan  when  flowers  appear. 
Repeat  the  spray  2  times  at  fortnight  interval.  Avoid  spray  at  fruiting  stage.The 
above  schedule  will  also  control  jassids  and  epilachna  beetles. 
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Mites:  These  are  red,  minute  insects  and  are  found  under  surface  of  the  leaves 
and  form  webs.  They  suck  sap  of  the  plants  and  leaves  turn  yellow  and  drop  off. 
Spray  0.02%  Metasystox  or  0.03%  Kelthane  or  0.3%  Methyl  parathion  as  soon  as 
pest  appears. 

Diseases 

Dumping  off:  It  is  a  very  destructive  disease  in  nursery  bed  especially  during 
rainy  season.  The  seedlings  are  attacked  at  ground  level  and  as  a  result  they  topple 
over. 

Control  measures :  Treat  the  seeds  with  Thiram/Captaf/ceresan  or  Agrosan 
G.N.  @2g/kg  of  seed  before  sowing.  Sowing  of  seeds  in  a  raised  nursery  bed  with 
proper  drainage,  drenching  nursery  bed  with  Thiram/ Captaf  or  any  copper  fungicide 
@2g/litre  of  water  at  10-15  days  interval  and  removing  the  affected  seedlings  will 
control  the  disease. 

Little  leaf:  The  diseased  plants  produce  small  yellow  leaves.  The  plants  remain 
stunted  and  there  is  a  lot  of  bushy  growth.  Affected  plants  normally  do  not  bear 
fruits. 

Mosaic:  The  disease  causes  yellow  patches  on  the  leaves  which  are  intercropped 
with  green  patches.  The  plants  remain  stunted  in  growth  and  bear  less  number  of 
flowers  and  fruits. 

Control  measures:  Little  leaf  and  mosaic  have  common  control  measures.  Remove 
all  the  diseased  seedlings  from  the  nursery  bed  and  transplant  only  healthy  ones. 
Uproot  the  diseased  plants  from  the  fields  as  soon  as  they  are  observed  and  replace 
them  with  healthy  seedlings.  Avoid  ratooning.  Spray  of  Rogor  in  nursery  stage 
@1  ml/litre  of  water  is  advised. 

Phomopsis  blight:  Due  to  this  disease,  dark-brown  spots  are  formed  on  the 
leaves  and  stem.  On  the  fruits,  soft,  water  decayed  portions  are  observed  which 
later  on  turn  black.  The  whole  or  major  portion  of  the  fruit  may  rot.  This  disease 
is  a  major  problem  in  seed  crop. 

Control  measures:  Collect  seed  from  healthy  plants.  Treat  the  seed  with  Thiram 
or  Captaf  @  2.5g/kg  of  seed.  Spray  the  crop  with  Diathane  Z  78  at  0.2% 
concentration  (i.e.  2g  of  fungicide/litre  of  water)  at  7-10  days  interval.  Burn  the 
diseased  plants  and  fruits. 

Harvesting  and  marketing 

Bnnjal  fruits  are  harvested  when  they  have  developed  a  good  colour  and 
marketable  size,  are  still  immature,  tender  and  have  not  lost  culinary  qualities.  The 
attractive  bright,  glossy  appearance  having  freshness  and  optimum  size  of  fruit  are 
qualities  for  good  market  price.  The  fruits  are  harvested  with  stalk  at  joint  where 
they  are  attached  to  the  branch.  Variety  NDB  25  have  soft  joint  and  is  easy  to 
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harvest  while  others  need  help  of  sharp  instrument.  Care  is  taken  in  avoiding 
injury  to  the  branch.  Frequency  of  harvesting  shall  depend  on  the  size  of  fruit. 
Small  sized  are  harvested  more  frequently  than  bigger  or  heavier  fruits.  Fruits 
should  be  harvested  in  the  afternoon  to  avoid  sun  scalding.  Fruits  are  sprinkled 
with  water,  to  keep  them  fresh.  They  are  packed  in  baskets  for  local  market  and 
arranged  in  cartons  for  distant  markets. 

Yield 

Yield  of  brinjal  should  vary  according  to  the  region,  cultivar  and  duration  of  the 
crop.  Early  crops  normally  yield  20-30  m  tonnes/ha  while  long-duration  crops 
yield  35-40m  tonnes/ha.  Many  F!  hybrids  are  being  cultivated.  Their  yield  at  high 
fertility  level  varies  from  40-80m  tonnes/ha. 

Post-harvest  handling  and  storage 

There  are  several  diseases  observed  in  brinjal  after  harvesting  of  the  crop  till 
marketing.  Market  survey  conducted  recently  in  West  Bengal  indicated  that  fruit 
rot  is  the  major  disease  caused  by  Phytophthora  aphamdematum  var.  mcotianae; 
Fusanum  oxysporum,  Phythium  debaryanum  and  Rhizopus  solamfer.  Maximum 
incidence  of  fruit  rot  occurred  during  the  monsoon  months  of  June-October 
when  temperature  and  relative  humidity  usually  remain  high. 

Fruit  rot  also  occurs  during  storage  which  is  prevented  by  post-harvest  treatments 
of  brinjal  in  a  solution  containing  200ppm  NAA  in  combination  with  900ppm 
Prochloraz  that  retards  fruit  senscence  and  decaying. 

Brinjal  green  fruits  had  longest  shelf-life  of  4  weeks  based  on  the  physiological 
loss  in  weight,  discolouration,  spoilage  and  C02  injury  during  storage  at  8-1 0°C 
under  controlled  atmosphere  with  initial  concentration  of  5%  C02.  Room 
temperature  of  20-22°C  was  not,  however,  suitable  for  storage  under  modified 
atmosphere.  Brinjal  fruits  should  not  be  kept  in  the  same  store  with  other  ethylene 
producing  fruits.  Brinjal  fruits  are  better  stored  at  20°C  than  at  6°C  and  in  perforated 
polythene  bags  than  in  open  boxes.  The  fruits  can  also  be  stored  for  7-10  days  in 
fairly  good  condition  at  7.2-1 0°C  with  85-95%  relative  humidity. 

Packing,  packaging  materials  and  export 

The  most  suitable  cultivars  for  exporting  are  harvested  towards  evening  hours 
without  having  any  external  injury.  The  freshly  harvested  fruits  are  cleaned  properlv 
by  washing  them  under  sprinkler.  They  are  then  graded.  Uniform,  superior  quality 
fruits,  free  from  disease  and  insect’s  blemishes  are  individually  wrapped  in  the 
tissue  paper  and  arranged  in  suitable  cartons  for  exporting  them  to  foreign  markets. 

In  Israel,  sometimes  they  use  PVC  stretch  film  for  packing  of  individual  fruits. 
Currendy,  they  pack  several  fruits  (10-25)  pre-treated  with  a  solution  of  Prochloraza 
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and  NAA  inside  an  unperforated  polyethylene  lining  bag,  together  with  10  layers 
of  tissue  paper  to  prevent  water  condensation.  This  method  prevents  weight  loss 
and  maintains  fruit  quality  during  14  days  of  storage  at  12°C-17  days  at  20°C  and 
helps  in  exporting  of  brinjal  to  other  countries. 


Chilli  and  Capsicums 
(Capsicum  annum  L.) 

A  A  Desiipande 


Area  and  production 

Chillies  and  capsicums  both  belong  to  the  same  capsicum  species  of  Capsicum 
annuum.  Chilli  also  known  as  hot  pepper  was  introduced  into  India  from  Brazil  in 
the  16th  Century  by  the  Portuguese.  Within  a  span  of  over  four  centuries  it  has 
spread  to  an  area  of  around  0.8  million  covering  almost  all  states  of  the  country. 
The  major  chilli  growing  states  are  Andhra  Pradesh,  Karnataka,  Maharastra,  Orissa, 
Tamil  Nadu,  Madhya  Pradesh,  West  Bengal  and  Rajasthan  in  that  order  and  account 
for  more  than  80%  of  the  total  area  and  production.  The  area  and  production 
keeps  varying  depending  on  price  in  the  previous  year  and  the  weather  conditions. 
Area  has  been  varying  between  0.982-0.816  million  ha  and  production  61,82,000 
and  86,200  tonnes  of  dry  chilli.  Andhra  Pradesh  has  been  leading  both  in  area  and 
production  contributing  on  an  average  of  25%  of  the  total  area  and  over  40-50% 
of  the  total  production.  The  major  chilli  growing  districts  in  different  states  are 
given  in  Table  1.  Chillies  have  adapted  very  well  to  the  Indian  conditions  so  much 
so  that  India  is  considered  as  secondary  centre  of  origin. 


Table  1 .  Major  chilli  growing  states  and  districts  in  India 


State 

Area  ('OOOha) 

Range  (1 989-90  to 
1993-94) 

Production  ('OOOt) 
Range  (1989-90  to 
1993-94) 

Major  districts 

Andhra  Pradesh 

203.5-249.40 

259.9-400.60 

Prakasam,  Khammam, 
Guntur,  Warangal 

Karnataka 

128.70-161.00 

36.60-97.40 

Dharwad,  Belgaum 

Maharashtra 

113.8-132.7 

58.7-68.40 

Nagpur,  Chandrapur 

Orissa 

90.3-94.5 

68.5-75.6 

Cuttack,  Koraput 

Tamil  Nadu 

49.8-86.5 

27.7-45.7 

Chidambaraner, 

Ramanathpuram, 

Tiruchinapalli 

West  Bengal 

48.5-55.10 

36.5-44.4 

24  Paraganas 

Rajasthan 

38.6-52.30 

34.7-64.7 

lodhpur 

Madhya  Pradesh 

44.7-51.00 

11.2-17.20 

Khargaon 

All  India 

816.2-962.10 

618.20-862.10 

Source:  Diectorate  of  Economics  &  Statistics ,  Ministry  of  Agriculture,  Govt,  of  India. 
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Capsicum  also  known  as  bell  pepper,  is  restricted  to  cooler  regions  of  the  country 
and  penpheri  of  cities  with  cooler  weather.  As  such  capsicums  growing  around 
cities  like  Bangalore,  Belgaum,  Mysore  (Karnataka),  Niligiris  (Tamil  Nadu),  Pune, 
Thane  (Maharashtra),  Ranchi  (Bihar),  Darjeeling  (West  Bengal),  Himachal  Pradesh, 
Jammu  and  Kashmir  and  Hills  of  Uttar  Pradesh. 

The  major  countries  producing  bell  peppers  are  China,  Indonesia,  Sri  Lanka, 
Pakistan,  Turkey,  Korea,  Hungary,  Spain,  Bulgaria,  Romania,  Italy,  Yugoslavia, 
Nigeria,  Ghana,  Tunisia,  Mexico,  USA,  central  America,  Argentina  and  Peru. 

Chilli  is  mainly  used  in  culinary  adding  flavour,  colour,  vitamin  (A,  C,  E,  P)  and 
pungency.  Therefore,  they  are  indispensable  to  the  Indian  and  many  African,  Asian 
and  South  American  people.  Dry  chilli,  powdered  or  ground  into  a  paste  and  even 
green  chillies  are  used  every  day  in  Indian  kitchens  for  curries,  sambar,  rasam  and 
other  savory  dishes  to  impart  pungency,  colour  and  flavour  to  food  items.  It  is 
widely  used  in  the  manufacture  of  curry  powder,  curry  paste  and  all  kinds  of  pickles 
and  preparing  sauces,  soups,  salads  etc. 

In  food  and  beverage  industries,  chilli  is  being  used  in  the  form  of  oleoresin 
which  permits  better  distribution  of  colour  flavour  in  food.  Capsicin,  the  pungent 
principle,  is  used  in  the  preparation  of  balms,  where  as  the  colour  extracts 
(carotenoids  pigments)  find  use  as  colour  addititives  in  food  industry,  poultry  and 
prawn  feed  industry.  A  non  conventional  use  of  chilli  is  in  the  self  defence  sprays 
which  are  gaining  popularity  in  USA.  The  spray  consists  of  capsicum  oleoresin  at 
ultra  high  emission  rate  which  temporarily  immobilises  the  attacker. 

In  India  no  dish  is  complete  without  chillies.  Chillies  are  used  as  whole  pods, 
dry  powder,  in  pickles,  and  stuffed.  They  are  used  in  a  dish  called  bhazzi.  Raw 
green  as  well  as  fried  one  are  used  as  such  for  eating. 


Table  3.  Country-wise  exports  of  capsicum  including  chillies  (tonnes) 


Year 

1987 

1988 

1989 

1990 

1991 

India 

4,372 

10,543 

7,950 

11,983 

24,483 

Spain 

18,089 

16,671 

13,062 

17,694 

16,957 

South  Korea 

509 

797 

5,419 

410 

335 

Pakistan 

5,829 

14,105 

7,827 

5,462 

6,982 

Hungary 

4,037 

5,419 

6,216 

4,482 

4,271 

China 

23,893 

25,579 

29,071 

31,091 

23,663 

Thailand 

599 

1,353 

1,084 

761 

1,032 

Mexico 

1,841 

2,759 

7,109 

9,084 

7,699 

Morocco 

1,083 

1,256 

2,900 

4,437 

6,826 

Turkey 

2,872 

3,999 

3,723 

4,070 

4,365 

Total 

63,124 

82,481 

84,406 

89,474 

96,613 

Source:  Fruits  and  Tropical  Products,  commonwealth  Secretariat. 
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Capsicum  is  mostly  consumed  raw  in  green  mature  forms  unlike  in  Europe  and 
US  where  they  are  consumed  in  red  ripe  form  in  salads,  cooked,  mixed  and  stuffed 
vegetable. 

India  has  emerged  today  as  the  foremost  producer  and  exporter  of  chillies 
contributing  to  almost  one  fourth  of  the  world  production.  Besides  India,  other 
major  producers  and  exporters  of  chillies  are  China,  Pakistan,  Morocco,  Mexico 
and  Turkey.  The  export  of  chillies  and  chilli  products  from  India  have  been  steadily 
increasing  both  in  volume  and  value  from  8,227  tonnes  and  Rs  9,66,54,000  in 
1984-85  to  51,891.72  tonnes  and  Rs  2,09,61,00,000  in  1996-97  respectively 
(Table  2).  Indian  chillies  are  exported  mainly  to  Sri  Lanka,  USA,  Canada,  UK, 
Saudi  Arabia,  Singapore,  Malaysia,  Germany,  and  at  times  to  Pakistan  and 
Bangladesh.  Country-wise  exports  of  chillies  is  given  in  Table  3. 

Origin  and  distribution 

The  genus  Capsicum  originated  in  the  new  world  tropics  and  sub  tropics.  The 
C.  annuum  L.  the  most  cultivated  species  among  the  capsicum  species  was 
domesticated  in  Mexico.  Peppers  were  unknown  in  the  old  world  unul  sixteenth 
century  having  been  introduced  into  Spain  by  Columbus  on  his  return  trip  in 
1493.  Cultivation  spread  from  the  Mediterranean  Europe  to  England  by  1548  and 
central  Europe  by  close  of  the  sixteenth  century.  The  Portuguese  brought  Capsicum 
from  Brazil  to  India  during. 1584.  Elowever,  based  on  the  distinct  type  of  variability 
available  in  the  North-eastern  States,  it  can  be  presumed  that  spread  of  Capsicum 
in  those  regions  is  independent  from  elsewhere  in  India.  It  is  thought  that  Christian 
missionaries  direcdy  introduced  Capsicum  from  South  America. 

There  are  five  domesticated  Capsicum  species,  namely  C.  baccatum  L.,  C. 
pubescens  R  and  P  which  are  clearly  distinct  by  any  taxonomic  criterion  plus  a 
species  complex  which  is  currently  treated  as  containing  three  independently 
domesticated  species.  C.  annuum  L.,  C.  frustescens  L.  and  C.  Chinense Jaq.  Capsicum 
annuum  was  domesticated  in  Mexico  and  is  the  most  important  species  on  a  world 
scale,  since  it  includes  all  the  commercially  important  sweet  peppers  and  many 
spice  types.  The  centre  for  morphological  diversity  for  C.  annuum  is  probably 
Mexico. 

Capsicum  frutescens:  These  are  grown  or  exploited  throughout  Latin  America. 
These  peppers  have  also  been  introduced  to  the  old  world  and  are  grown  where 
extreme  pungency  is  required  such  as  oleoresin  extraction.  Large  fruited  types  of 
C.  frutescens  include  the  Tabasco  pepper.  They  are  grown  in  middle  America  and 
other  Caribbean  countries.  They  have  been  introduced  to  the  old  world.  In  India 
we  find  them  growing  in  coastal  Kerala,  Karnataka,  Maharasthra,  Vizianagar  district 
of  Andhra  Pradesh  and  north-eastern  States. 

Capsicum  chinense:  This  is  the  most  variable  of  the  domesticated  species  and 
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the  most  widespread  within  Latin  America.  Thick  types  are  common  in  West  Indies 
and  Andean  region.  Small  fruited  types  are  found  in  Amazonia.  C.  chinense  reached 
West  Africa  soon  after  the  American  discovery  but  it  does  not  seem  to  be  widely 
known  in  the  Asian  tropics.  In  India  we  do  find  C.  chinense  in  backyard  of  Kerala 
homes  and  also  in  the  north-eastern  states. 

Capsicum  baccatum:  This  species  is  grown  on  a  garden  and  field  scale  in  South 
America,  particularly  in  Peru,  Bolivia  and  Brazil.  C.  baccatum  reached  Europe  by 
the  seventeenth  century  but  is  not  widely  grown  in  Africa  or  Asia,  because  C. 
annuum  and  C.  frutescens  were  already  well  established.  However,  there  seem  to  be 
no  ecological  constraints  which  would  prevent  wider  cultivation  of  this  species. 
Though  this  species  is  not  known  in  India  outside  research  station,  it  has  very 
good  yield  potential  and  useful  genes  mainly  powdery  mildew  and  anthracnose 
fruit  rot  resistance. 

Capsicum  pubescens:  This  is  a  high  land  pepper  found  throughout  the  Andean 
region  and  now  grown  also  in  the  highlands  of  Middle  America.  It  seems  to  have 
a  narrower  ecological  amplitude  than  the  other  domesticated  peppers.  It  does  not 
set  fruit  satisfactorily  in  many  parts  of  the  lowland  tropics  nor  in  the  field  or  green 
house  in  many  temperate  countries.  Its  morphological  variation  is  also  more  limited 


Table  4.  Morphological  characteristics  which  distinguish  the  domesticated  Capsicum 
species  and  their  wild  relatives  from  each  other  and  their  place  of  origin 


Species 

Wild/ 

cultivated 

Calyx 

teeth 

Corolla 

Flowers/ 

node 

Seeds 

C.  annum  annuum 

Cultivated 

present 

White  large 

1 

Yellow 

smooth 

C.  annuum  var. 
aviculare 

Wild 

progenitor 

Absent 

White  small 

1  (3-4) 

Yellow 

smooth 

C.  baccatum  var. 
pendulum 

Cultivated 

Present 

White  with 

yellow/green 

spot 

1 

Yellow 

smooth 

C.  baccatum  var. 
baccatum 

Wild 

progenitor 

Present 

White  with 

yellow/green 

spot 

2-3 

Yellow 

smooth 

C.  chinense 

Cultivated 

Absent 

Dull-white 

2-3 

Yellow 

smooth 

C.  frutescens 

Cultivated 

Present 

Greenish- 

white 

2-3 

Yellow 

smooth 

C.  pubescens 

Cultivated 

Absent 

Purple 

1  (2-3) 

Rough 

C.  cardenasii 

Wild 

progenitor 

Absent 

Purple 

campanulate 

2-3 

Yellow 

smooth 

C.  eximium 

Wild 

progenitor 

Absent 

Magenta  to 
white  with 
yellow/green 
spots 

2-3 

Yellow 

smooth 
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than  that  of  the  other  domesticated  peppers.  It  has  pungent  fruits  with  thick 
pericarps  and  lots  of  moisture. 

Taxonomy 

Genus  Capsicum  is  divided  into  three  sections  by  Hunziker  (1956).  Monotypic 
Tubocapsicum,  Pseudoacmstus  and  Capsicum.  Section  Capsicum  includes  22  wild 
species  and  five  domesticated  species.  All  the  species  in  the  genus  have  chromosome 
number  n=12  except  C.  cihatum  and  C.  scolnikianum  which  have  n  =  13 
chromosomes. 

The  distinguishing  characters  of  the  five  domesticated  species  and  their  wild 
relatives  is  given  in  Table  4. 

The  domesdcated  Capsicum  spp.  can  be  grouped  into  two  groups  depending 
upon  the  cross  compatibility. 

1.  The  white  flowered  which  includes  C.  annuum,  C.  chmense,  C.  frutescens  (C. 
annuum  group)  and  C.  baccatum  var.  baccatum  and  C.  baccatum  var.  pendulum 
(baccatum  group). 

2.  The  purple  flowered  comprising  of  C.  pubescens,  C.  eximium  and  C.  cardenasii. 

CROP  IMPROVEMENT 

Breeding  methods  depend  on  the  breeding  system  of  the  crop.  Chilli  and  capsicum 
can  be  grouped  in  often  cross  pollinated  crops.  Cross  pollination  is  reported  upto 
63%. 

Floral  biology ,  crossing  and  selfing :  Majority  of  the  flowers  open  at  5  am.  The 
stigma  is  recepdve  from  a  day  earlier  to  anthesis  and  continues  for  two  days  after 
anthesis.  The  pollen  grains  are  fertile  a  day  before  anthesis  with  maximum  fertility 
on  the  day  of  anthesis.  In  chilli  flower  emasculation  and  hybrdization  can  be  done 
simultaneously.  The  extent  of  cross  pollination  depends  on  flower  structure  which 
varies  from  variety  to  variety.  The  traits  which  effect  cross  pollination  are  extent  of 
style  length  above  the  anther  level,  time  of  dehiscence  of  anther.  Other  factors 
which  affect  the  extent  of  cross  pollination  are  temperature  especially  in  capsicum, 
wind  direction  kind  and  number  of  insect  visitors. 

To  maintain  purity  of  chilli  and  capsicum  lines,  isolation  distance  of  400-500m 
is  safe.  Chilli  breeding  lines  can  be  maintained  by  hand  selfing  at  bud  stage  or 
caging  the  plants  individually  or  collectively  with  nets  preferably  of  40  mesh  size. 

For  crossing  a  bud  one  day  prior  to  anthesis  is  ideal  for  emasculation.  The  bud 
can  be  pollinated  on  the  same  day.  However  in  capsicum,  especially  if  the 
temperatures  are  higher,  emasculation  is  advisable  two  to  three  days  prior  to  anthesis 
and  pollination  is  caried  out  on  the  day  of  anthesis.  In  the  peninsular  India  crossing 
can  be  done  in  chilli  throughout  the  day  during  kharif  and  rabl  with  good  crop 
management.  During  summer  fair  success  is  achieved  if  crossing  is  taken  up  early 
in  the  morning  or  late  evening. 
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Breeding  objectives:  In  chilli  breeding  objectives  would  include  unripe  fruit 
colour,  ripe  fruit  colour,  shape,  size,  pungency,  retention  of  colour  on  storage, 
pericarp  thickness  and  seed  content.  In  capsicum,  the  major  attributes  are  the 
immature  fruit  colour,  shape  and  size  of  the  fruit  and  flesh  thickness.  The  above 
attributes  vary  with  the  consumer  preferences. 

The  other  objectives  should  include  traits  to  overcome  production  constraints. 
The  major  production  constraints  are  the  diseases  (virus  complex,  Anthracnose 
fruit  rot,  powdery  mildew,  cercospora  leaf  spot,  Fusarium  wilt),  non  availability  of 
suitable  cultivars,  insect  pests  (thnps,  aphids,  mites,  borer  and  gall  midge),  drought 
and  excess  moisture.  Besides,  in  capsicum,  a  true  tropical  type  with  good  vegetative 

growth,  good  fruit  set  at  high  temperature  and  virus  resistance  is  of  immediate 
requirement. 

Breeding  methods :  Chilli/ capsicum  varieties  have  been  developed  using  one  of 
the  following  listed  methods: 

1.  Pedigree  breeding  with  selections  from  superior  cultivar/land  races  (pure 
line  selection). 

—  Pedigree  breeding  following  hybridisation  between  two  superior  cultivars. 

3.  Transfer  of  single  genes  or  a  group  of  useful  genes  from  primitive  or  wild 
through  the  backcross  pedigree  method. 

4.  Intercross  between  different  backcross  families  with  different  target  genes 

Table  6.  Important  Chilli  land  races  of  India 
Land  races 

Nallapada,  Gollapada,  Elichipur,  Yellow  Nellore,  Warangal, 
Lanka,  Shirla,  Gati  Seema  Mirapa  (C.  (rutesoens),  Erupu  Mirapa, 
Pothakaya,  Sonnakai,  Erra  Mirapa 
Baijuri,  Suryamukhi,  Jayanthapuri,  Latabh,  Sabour,  Tiger 
Pattanaya,  Mota,  Longia,  Rahri,  Patna,  Sabour 
Ghollar,  Patta,  Resham  Patta,  Lai  Pathi 
Sanuri,  Samane 

Byadgi  Khaddi,  Byadgi  Dabba,  Devanur  Dubba,  Sankeshwar, 
Chincholi,  Arsikere,  Gowribidanur,  Chikkaballapur,  Mysore 
Salem,  Kollegal 
Kandhari 

Malkapur,  Ellichipur,  Kakni,  Batki,  Pandurani 
Sankeshwar,  Tarapuri,  Malkapur,  Bhiwapuri,  Pandurani,  jhareia, 
jalgaon  Phapda,  Lavangi,  Sharagaon,  Surkhoddi,  Achalpur. 
Pandi,  Kalipandi 
Dakhini,  Bhala,  Suryamukhi 

Sirhindi,  Sanari  Red,  Sanauri  Yellow,  Rajpura,  lullundar,  Shokati, 
Laundghi,  Chokapal,  Rakhipata,  Lambhal,  Gura 
Theni,  Petai,  Ramnad  Munad,  Sattur  Samoa  Kodai  Milligai, 
Sannam 
Kalyanpur 


Andhra  Pradesh 


Assam 

Bihar 

Gujarat 

Himachal  Pradesh 
Karnataka 


Kerala 

Madhya  Pradesh 
Maharashtra 


Orissa 

Punjab 

Tamil  Nadu 

Uttar  Pradesh 
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Table  7.  Chilli  varieties  under  testing  in  AICVIP  trials 


Entries 

Year 

Source 

BC  28 

1997 

Orissa  Agricultural  University  Bhubaneshwar 

LCA334 

1997 

Regional  Research  Station,  Lam 

Phule  Sai 

1997 

MPKV,  Rahuri 

Byadagi  Kaddi 

1998 

UAS,  Dharwad 

Byadagi  Dabbi 

1996 

UAS,  Dharwad 

PMR  57/88K 

1996 

IIHR,  Bangalore 

RHRC50-1 

1996 

MPKV,  Rahuri 

Sel  217621 

1996 

PAU,  Batinda 

Sel  1-1 

1996 

PAU,  Batinda 

RCH  1 

1995 

Rajasthan  Agricultural  University,  Durgapura 

LCA301 

1995 

Regional  Research  Station,  Lam 

LCA  324 

1995 

Regional  Research  Station,  Lam 

KDCS 10 

1995 

CSAUJ,  Kalyanpur 

HC  28 

1993 

HAU/  Hisar 

Surakta 

1993 

PAU,  Ludhiana 

AKC44 

1993 

PKV,  Akola 

HC  44 

1993 

HAU,  Hisar 

RHRC  Cluster  pendant 

1993 

MPKV,  Rahuri 

RHRC  Cluster  erect 

1993 

MPKV,  Rahuri 

RHRC  16-5 

1993 

MPKV,  Rahuri 

BC  24 

1993 

OAUT,  Bhubaneshwar 

Pb.  Surkh 

1993 

PAU,  Ludhiana 

Chilli  Cuchchedar 

1993 

PAU,  Ludhiana 

BC  14-2 

1993 

OAUT,  Bhubaneshwar 

Table  8.  Chilli  and  Capsicum  hybrids  presently  in  the  market  and  their  sources 


Hybrid 

Source 

Chilli 

SHPH  35,  SHPH  47,  HOE  888 

NOVARTIS 

PROCH  01 ,  PROCH  02,  CH  1 04 

PRO  AGRO 

ARCH  02,  ARCH  236,  ARCH  226,  ARCH  228 

ANKUR  SEEDS 

NPH  70,  NPH  120 

NATH  SEEDS 

BSS  138,  BSS  141 

BEJOSHEETAL 

SUNCROW  F,No.16,  SUNCROW  F,  No.  86235 

SUNGROW 

Tejaswini,  MHP  62,  MHP  63 

MAHYCO 

Capsicum 

Larie,  Indira 

NOVARTIS 

Hira 

NATH 

Green  Gold 

MAHYCO 

Pusa  Deepti 

IARI,  Katrain 

from  diverse  germplasm  to  combine  several  disease  resistances  and  new  horticultural 
traits. 

5.  Interspecific  hybridisation  and  selection  following  back  cross-pedigree 
methods. 
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6.  Haploid  diploidisation 

7.  Heterosis  breeding:  Commercial  F]  hybridization  is  being  practised  by  using 
hand  emasculation  and  pollination,  only  hand  pollination  either  using  genic  or 
genic  cytoplasmic  male  sterility  system. 

Description  of  varieties  and  hybrids:  In  India  majority  of  the  new  varieties 
developed  are  either  through  pure  line  selection  or  pedigree  method  of  breeding. 
Since  India  has  a  large  variability  already  available  which  is  well  adapted,  improved 
varieities  could  be  easily  developed  through  simple  pure  line  selection  as  well  as 
mass  or  modified  mass  selections.  However,  in  capsicum  most  of  the  varieties  and 
hybrids  commercially  cultivated  are  introduced  ones.  In  recent  years  emphasis  is 
being  laid  on  development  of  F]  hybrids. 

The  various  chilli  and  capsicum  varieties  developed  in  India  with  their  important 
features  are  given  in  Table  5,  the  major  land  races  in  different  states  in  Table  6,  and 
varieties  presendy  under  testing  with  All-India  Co-ordinated  Vegetable  Improvement 
Programme  (AICVIP)  in  Table  7. 

Besides  chilli  varieties  mentioned  in  Table  5,  there  are  other  varieties  released 
by  respective  states,  viz  206  (Prakash)  x  200  (Kiran),  CA  1068  (Aparna),  LCA  305 
all  from  Lam,  Kalyanpur  red  from  CSAUT,  Kalyanpur;  Sabour  Angur,  Arun  and 
Aral  from  Rajendra  Agricultural  University,  Sabour. 

Besides  varieties,  there  are  ample  numbers  of  F,  hybrid  chilli  varieties  marketed 
by  various  private  seed  companies.  In  capsicum  also  a  few  hybrids  are  available  in 
the  market  from  private  seed  companies  given  in  Table  8 

CROP  PRODUCTION 

Soil 

Chillies  can  be  grown  on  wide  range  of  soils  but  well  drained  loam  soil  rich  in 
organic  matter  is  best  suited  for  chilli  cultivation.  As  a  rainfed  crop,  chilli  can  be 
grown  successfully  in  medium  to  heavy  textured  soils  like  clay  and  clay  loams 
provided  proper  drainage  is  there  to  prevent  water  stagnation.  Chilli  crop  will  not 
withstand  water-logged  conditions  for  more  than  a  day.  A  good  crop  of  chilli  can 
be  raised  on  red  sandy  and  sandy  loam  soils  (Alfisols  and  Inceptsols)  as  an  irrigated 
crop,  with  copious  amount  of  organic  manuring  and  fertilizer  application.  Though 
chilli  is  grown  on  soils  with  a  pH  range  of  less  than  5.0  like  the  acid  latente  soils  of 
coastal  areas  and  heavy  rainfall  ghat  (mountain)  regions  to  soils  of  more  than  8.0pH 
like  the  Alluvial  soils  of  north  India  and  black  cotton  soils  (Vertisols)  of  the  Deccan 
plateau,  it  performs  best  at  a  soil  pH  of  about  6.5.  Saline  and  sodic  soils  hinder 
crop  growth  and  fruit  development.  Most  extensive  cultivation  of  chilli  can  be 
seen  on  Vertisols  covering  the  states  of  Andhra  Pradesh,  Karnataka,  Maharashtra 
and  Tamil  Nadu.  Though  the  vegetative  growth  and  crop  yields  are  higher  on 
heavy  textured  soils,  the  quality  of  the  fruits  is  better  in  lighter  soils  than  heavy 
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soils.  Bell  pepper  performs  best  on  red  loams  and  alluvial  soil  with  slightly  acidic 
pH  and  having  good  drainage  and  aeration. 

Climate 

Chilli  crop  performs  well  in  warm  humid  tropical  and  subtropical  regions 
extending  from  equator  to  45°  latitude  on  both  southern  and  northern  hemisphere. 
It  is  being  cultivated  from  sea  level  to  almost  660m  above  mean  sea  level.  A  frost 
free  period  of  about  130-150  days  with  temperature  range  of  15°-35°C  is  optimum 
for  chilli  cultivation.  Comparatively  milder  climatic  conditions  are  preferred  for 
sweet  or  bell  pepper  cultivation  as  compared  to  hot  or  chilli  pepper.  A  soil 
temperature  of  10°C  or  less  retards  crop  growth  where  as  a  gradual  rise  in 
temperature  from  15°-35°C  results  in  increased  crop  growth  rate.  Further  rise  in 
temperature  is  likely  to  reduce  the  vegetative  growth  period  thereby  resulting  in 
early  flowering  of  peppers.  Prevalence  of  low  temperatures  during  fruit  ripening 
stage  is  likely  to  delay  colour  development  of  fruits.  Temperatures  beyond  40  C 
result  in  poor  fruit  set  as  well  as  severe  fruit  drop.  This  is  further  aggravated  if  the 
relative  humidity  is  low  and  accompanied  with  dry  winds. 

As  a  rainfed  crop  chilli  performs  well  in  regions  receiving  rainfall  of  600-1 200mm 
spread  over  four  to  five  months.  Areas  receiving  less  than  600mm  of  rainfall  require 
a  few  protective  irngations  for  better  crop  yields.  Dunng  the  early  crop  establishment 
period  the  crop  prefers  cloudy  drizzling  raids  with  moderate  sun  shine  and  high 
relative  humidity.  Successful  crop  of  bell  pepper  can  be  raised  only  under  irrigated 
condition.  Providing  shade  to  sweet  or  bell  peppers  through  poly  or  net  houses 
during  summer  and  only  shade  nets  in  open  during  other  seasons  is  beneficial. 
Though  high  relative  humidity  is  good  for  the  crop  growth,  fruit  set  and  increased 
crop  yield,  it  is  likely  to  be  more  prone  to  foliar  and  fruit  diseases  like  mildews  and 

Anthracnose. 

Season 

In  India  chilli  is  mainly  grown  during  monsoon  or  kharif  season  (June-October) 
as  a  rainfed  crop  or  with  supplemental  irngations.  In  many  parts  of  the  country  it 
is  grown  in  all  the  three  main  cropping  seasons  also.  During  monsoon  the  crop  is 
mainly  grown  for  dry  red  chillies  while  in  other  seasons  it  is  mostly  for  green 
chillies.  However  in  plains  when  it  is  grown  as  a  summer  crop  it  is  more  likely  to 
get  affected  by  complex  virus  diseases.  Chilli  can  not  be  grown  during  winter  in 
North  India  as  the  temperatures  are  quite  low,  which  the  crop  can  not  withstand. 
In  South  India  if  kharif  crop  is  planted  late,  i.e.  beyond  July,  the  crop  is  likely  to 
suffer  from  heavy  infestation  of  pests  and  diseases.  Gradual  reduction  in  yields 
were  noticed  when  the  planting  time  was  delayed  from  July-December.  As  a  rainy 
season  crop  it  performs  well  in  Alluvial  and  black  cotton  soils  which  have  high 
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water-holding  capacity.  On  light  textured  sandy  and  sandy  loams  which  are  freely 
drained  and  have  low  water-holding  capacity,  good  yields  are  obtained  by  providing 
three  to  four  protective  irrigations.  Capsicums  are  known  to  perform  better  in 
winter  or  rabi  season  and  when  grown  in  summer,  yields  are  very  low  due  to  poor 
crop  growth  and  fruit  set  and  also  severe  diseases,  especially  virus  except  in  hills. 
At  higher  altitudes  in  Himachal  Pradesh  and  Nilgiris,  the  crop  is  taken  as  summer 
crop  sowing  being  done  in  March-April. 

Cropping  system 

With  the  pressure  on  cultivated  land  increasing,  one  way  to  boost  production  is 
to  increase  the  crop  productivity  and  the  other  alternative  is  to  improve  the  land 
productivity  per  unit  area  and  time  through  multiple  cropping.  Multiple  cropping 
is  the  technique  of  growing  more  than  one  crop  either  together  or  in  a  sequence  in 
an  year  or  in  an  appropriate  time  span  on  the  same  piece  of  land.  Cropping  systems 
like  intercropping,  sequential  cropping,  mixed  cropping,  relay  cropping  etc.  are 
regularly  practiced  by  the  farmers  of  the  tropical  countries.  The  major  objectives 
being  the  better  harnessing  of  natural  crop  growth  resources,  improvement  of  soil 
fertility,  crop  diversification  to  improve  overall  productivity  even  during  the  periods 
of  adversities  like  climatic  aberrations  and  pest  problems.  Rotating  wide  spaced 
crops  with  narrow  spaced  crops  will  reduce  weed  intensity,  as  in  wide  spaced  crops 
the  intercultivation  is  effective.  Inclusion  of  chilli  or  tobacco  are  known  to  reduce 
weed  intensity  as  the  intercultivations  are  done  both  ways  and  for  long  period  in 
these  crops.  Incidence  of  thrips,  mites  and  nematodes  to  chilli  crop  is  severe  when 
chilli  is  grown  year  after  year  or  in  vegetable  based  crop  rotation  than  when  chilli 
crop  is  rotated  with  sorghum,  maize,  pulse  or  groundnut  crop.  Incidence  of  fruit 
rot,  bacterial  diseases  and  mosaic  can  also  be  minimized  by  raising  chilli  crop  in 
rotation  with  cereals  and  pulses. 

It  is  general  experience  of  the  farmers  in  Dharwad  (Karnataka)  transition  belt 
that  sorghum  yields  are  higher  when  raised  after  chilli  crop.  Chilli-paddy  are  com¬ 
mon  rotations  followed  in  Andhra  Pradesh  and  Tamil  Nadu.  Sequential 
intercropping  systems  involving  capsicums  were  found  to  be  more  remunerative 
than  simple  crop  sequence  in  the  north.  Intercropping  systems  involving  chilli  are 
productive  as  well  as  more  remunerative.  The  mixed  cropping  of  chilli  and  cotton 
is  taken  as  a  safeguard  against  failure  of  chilli  crop  due  to  leaf  curl  disease.  Chilli  is 
generally  grown  as  a  mixed  crop  under  rainfed  conditions  and  as  a  sole  crop  under 
irrigated  condition.  There  is  also  a  practice  of  taking  some  short-duration  crops 
like  garlic  and  coriander  as  intercrops  in  chilli  in  black  soil  regions  of  Deccan 
plateau.  Soybean  was  found  to  be  quite  compatible  as  mixed  crop  with  chilli  in  the 
transitional  tract  of  Karnataka.  Intercropping  of  groundnut  and  chillies  at  3  :  1 
ratio  has  given  maximum  net  returns  as  compared  to  sole  groundnut. 
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Chilli  and  cotton  intercropping  is  a  very  popular  mixed  cropping  pattern  in 
transitional  tract  of  Karnataka.  Chilli  plus  onion  as  intercrop  with  hybrid  cotton  is 
more  productive  and  profitable  on  Vertisols  of  Dharwad  region  as  well  as  in 
Coimbatore  region.  As  an  intercrop  the  yields  of  onion  could  be  further  enhanced 
by  growing  three  rows  of  onion  in  paired  row  planting  of  chilli  compared  to  one 
row  of  onion  in  normal  chilli  planting.  Vegetables  could  be  a  good  proposition  for 
growing  in  combination  with  chilli  grown  for  green  fruits  under  irrigated  conditions. 
The  highest  yields,  in  nutritional  terms,  were  obtained  with  intercropping  beetroots, 
knol-khol  and  peas  with  capsicum.  French  bean  intercropping  in  chilli  was  reported 
to  be  quite  remunerative  for  south  Indian  conditions.  Okra  was  the  best  intercrop 
for  chilli  under  semi-dry  conditions  resulting  in  highest  monetary  returns  under 
normal  row  system  of  planting.  For  dry  regions  of  southern  Karnataka,  finger 
millet  could  be  grown  successfully  as  mixed  crop  with  chilli.  Chilli  crop  grown  for 
green  fruits  can  be  intercropped  with  ragi  under  rainfed  condition  on  red  clay 
loam  soils.  Providing  protective  irrigation  the  yields  of  both  the  crops  were 
improved. 

Nursery  management 

Since  chilli  and  capsicums  are  generally  raised  as  transplanted  crop  good  nursery 
management  is  a  must  for  raising  healthy  seedlings.  As  the  saying  goes  As  you  sow, 
so  you  reap’,  planting  of  good  healthy  seedlings  is  one  of  the  key  factors  for  growing 
good  crop  of  capsicums.  Planting  of  good  seedlings  is  the  most  important  low 
cost  input  for  getting  higher  yields.  Good  seed  is  a  pre-requisite  for  obtaining 
healthy  seedlings.  Hence  seeds  should  be  collected  from  healthy  fruits  of  healthy 
plants.  Good  germination  percentage  is  observed  in  the  seeds  extracted  from  the 
first  picked  healthy  fruits.  It  is  also  found  better  to  store  pods  for  getting  seeds 
than  storing  extracted  seeds.  Reducing  the  pungency  of  seeds  by  rubbing  the  seeds 
lightly  between  the  palms  and  then  washing  with  water  is  recommended.  It  is 
believed  that  the  reduction  in  pungency  facilitates  germination  and  also  reduces 
the  menace  of  ants  attacking  the  seeds. 

About  450-500g  seeds  are  required  to  raise  seedlings  to  plant  one  hectare  of 
land  and  12-15  raised  nurseries  of' 3m  length  and  1.2m  width  are  required  to  sow 
these  seeds.  Approximately  50-60  thousand  seedlings  can  be  obtained  from  these 
beds  which  will  be  sufficient  to  cover  one  hectare  of  field.  Beds  should  be  prepared 
to  a  fine  tilth  after  thorough  mixing  of  farmyard  manure  and  neem  cake. 
Recommended  plant  protection  operations  need  to  be  taken  as  prophylactic 
measures.  To  ensure  better  germination  it  is  better  to  cover  the  beds  with  dry  grass 
till  the  germination  is  completed.  Regular  light  watering  in  the  morning  and  evenings 
with  a  rose  can  or  micro  sprinklers  is  advisable.  To  ensure  healthy  seedlings  it  is 
better  to  cover  the  nurseries  with  40  mesh  nylon  nets  which  protect  the  seedlings 
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from  feeding  by  virus  carrying  vectors  or  seedlings  can  be  raised  inside  the  net 
poly  house. 

Seedlings  in  the  nursery  may  be  allowed  for  about  40-50  days.  Clipping  of 
capsicum  as  well  as  chilli  seedlings  about  10  days  prior  to  transplanting  helps  in 
better  establishment  of  transplanted  seedlings  and  also  accelerates  the  growth  of 
auxiliary  buds  resulting  in  better  branching.  Hardening  of  seedlings  should  be  started 
a  week  before  transplanting  by  regulating  water  to  the  nursery. 

Tillage  and  land  preparation 

The  soil  is  brought  to  a  fine  tilth  by  repeated  ploughing  and  harrowing.  Tillage 
consists  of  breaking  up  the  hard,  compact  soil  to  a  certain  depth  by  tillage  opera¬ 
tions  like  ploughing,  hand  digging  to  bring  the  soil  to  pulverised  mass  known  as 
‘tilth’.  The  main  objects  of  tillage  are  (a)  to  prepare  loose  friable  seed  bed,  (b)  to 
destroy^  weeds  and  weed  seeds,  (c)  to  conserve  moisture  both  for  crop  roots  and 
soil  micro-organisms,  (d)  to  destroy  insect  pests  and  disease  causing  organisms. 

Vertisols  are  generally  deep  ploughed  once  in  three  years  when  deep  to  medium 
deep  rooted  crops  like  chilli  and  capsicums  are  to  be  raised.  These  soils  crack 
during  dry  season  and  so  it  is  said  ‘black  soils  plough  themselves’.  Recently  with 
availability  of  large  spectrum  of  herbicides  and  hike  in  fuel  cost  ‘minimum  tillage’ 
has  been  advocated  in  Entisols  and  Vertisols.  After  marking  the  field  for  planting, 
organic  manures  are  applied  to  the  spots  where  chilli  plants  are  to  be  transplanted. 
If  the  quantity  of  organic  manure  is  more  than  10  tonnes /ha  it  is  better  if  it  is 
broadcasted  and  mixed  by  harrowing  before  marking  the  fields  rather  than  spot 
application.  Organic  manure  applied  to  the  spots  is  allowed  to  wet  by  monsoon 
showers  before  transplanting.  The  spot  manure  is  mixed  into  the  soil  by  pickaxe 
and  then  the  plant  is  hand  watered. 

Intercultivation 

Stirring  of  the  soil  carried  out  after  planting  in  the  rows  is  known  as 
intercultivation.  The  main  objects  of  Intercultivation  are  (a)  removal  of  weeds,  (b) 
aeration  of  soil,  (c)  conservation  of  soil-moisture.  Intercultivation  is  also  known  as 
‘after  tillage  operation’.  The  intercultivation  by  hoes  begins  as  soon  as  the  chilli 
plants  are  established.  Usually  it  starts  8-10  days  after  transplanting.  Size  of  the 
hoes  depends  upon  row  spacing.  In  the  initial  stages,  depth  of  intercultivation  is 
shallow  than  the  later  stages  of  crop  growth.  The  last  intercultivation  is  so  deep 
that  the  land  will  be  laid  out  into  ridges  and  furrows.  This  facilitates  earthing  up  of 
chilli  plants  and  conserves  moisture  by  impounding  run  off  water  for  a  while  in 
the  furrows.  The  other  major  intercultivation  operation  to  be  carried  out  is  earthing- 
up  of  beds  or  ridges  twice  along  with  top  dressing  of  nitrogenous  fertilizers. 
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Spacing  and  plant  population 

Plant  population  and  spacing  are  important  factors  affecting  the  production 
performance  of  the  crop  which  is  mainly  governed  by  the  plant  architecture,  soil 
fertility,  planting  time  etc.  Maintenance  of  optimum  crop  stand  assumes  greater 
importance  since  it  accounts  for  manifold  yield  increases  when  other  factors  are 
non-limiting. 

Chilli  planting  at  a  closer  spacing  gives  higher  yield  and  yield  components  and  a 
spacing  of  20  x  20cm  with  nitrogen  dose  of  105kg/ha  gave  higher  yields  of  chilli 
in  Uttar  Pradesh.  For  achieving  higher  chilli  yields  a  closer  spacing  of  30  x  30  cm 
was  found  good  in  Tamil  Nadu  region.  Bell  pepper  plant  population  appears  to  be 
the  most  important  single  factor  for  getting  higher  yields.  Maximum  fruit  yields 
are  got  at  a  spacing  of  45  x  45cm.  A  spacing  of  60  x  30  cm  with  55,000  plants/ha 
gave  highest  yield  of  12.3  tonnes/ha  in  capsicum  Cv.  California  Wonder.  Thus  it 
can  be  concluded  higher  plant  density  of  5-6  plants/m”  is  advocated. 

Weed  management 

Weeds  compete  for  moisture,  nutrients,  sunlight  and  space  with  the  crop  plants 
thus  reducing  the  yield  and  quality  of  the  crops.  Weed  intensity  is  generally  more  in 
red  soils  than  in  black  soils  in  the  same  locality.  Weed  menace  is  more  in  irrigated 
area  than  under  rainfed  conditions.  Weed  intensity  is  high  when  the  crop  is  grown 
in  kharif  season  than  in  rabi  or  summer  seasons.  Though  cultural  methods  of  weed 
management  are  widely  followed  with  the  increase  in  labour  wage  and  scarcity  of 
labourers  and  some  times  incessant  rains  preventing  these  operations,  using 
herbicides  or  combination  of  both  herbicides  and  cultural  operations  are  becoming 
more  popular. 

A  large  number  of  herbicides  have  been  tried,  both  for  transplanted  and  direct 
sown  chilli  crop.  Among  the  herbicides  tried,  Diphenamid,  Trifluralin,  EPTC, 
Nitrofen  have  given  good  results  in  chilli  crop.  Triazine  herbicides  are  known  to 
cause  severe  injury  to  the  crop  plants.  The  herbicides  Tribluralin  and  EPTC  are 
generally  applied  as  a  pre-plant  soil  incorporation.  Diphenamid  is  extensively  used 
as  pre-emergence  herbicide  in  controlling  weeds  in  chilli  crop.  Pre-plant 
incorporation  (10  days  before  transplanting)  of  EPTC  at  3.75kg/ha  followed  by 
application  of  either  Nitrofen  at  1— 2kg  a.i/ha  or  Alachlor  at  2.5kg  a.i/ha  effectively 
controls  Cyperus  rotundas  and  annual  weeds  in  chilli  crop. 

Mulch  is  any  material  that  is  spread  on  the  soil  surface.  Advantages  of  mulches 
are  reduction  or  prevention  of  loss  of  soil-moisture,  regulation  of  soil-temperature, 
reduced  weed  and  sometimes  pest  infestation  and  improvement  in  quality  of  the 
produce.  Organic  materials  when  used  as  a  mulch  increase  microbial  activity  in  the 
soil,  leading  to  formation  of  water  stable  aggregates  as  well  as  enrichment  of  carbon 
dioxide  near  soil  surface  which  increases  photosynthetic  activity  of  the  plants.  Apart 
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from  crop  residues  plastic  films,  saw  dust,  gravels  etc.,  are  also  used  as  mulches. 
Plant  residues  and  plastic  films  are  extensively  used  as  mulching  materials  in 
European  countries  and  USA  both  in  dryland  farming  and  irrigated  agriculture 
and  to  a  less  extent  in  other  countries. 

Nutrient  management 

Chilli  and  capsicum  respond  well  to  application  of  fertilizers  both  under  irrigation 
and  rainfed  condition.  In  fertilizing  capsicum,  nitrogen  ferdlizers  are  generally 
used  in  greater  amounts  than  phosphate  and  potash  fertilizers.  This  is  because  in 
most  of  the  soils,  nitrogen  status  is  low  and  its  applicadon  will  produce  the  quickest 
and  most  pronounced  effect  on  the  chilli  crop.  In  spite  of  this  response  care  should 
be  taken  not  to  over  ferdlize  with  N  as  it  often  causes  them  to  produce  more 
vegetative  growth  than  is  desirable.  Compared  to  chilli  bell  peppers  are  shy  rooters 
and  as  such  dipping  the  seedlings  in  1.5%  superphosphate  solution  before 
transplanting  is  advisable.  Heavy  application  of  organic  manures  is  followed  in 
irrigated  areas.  Usually,  about  20-25  tonnes  of  farmyard  manure  is  added  per  hectare 
during  the  final  ploughing.  In  some  areas  of  Karnataka  and  Maharashtra  sheep 
penning  are  applied.  The  response  of  chilli  to  fertilization  varies  with  agro  climatic 
conditions  and  cultivation  systems. 

Good  fertile  soils  with  humus  are  most  desirable  for  growing  capsicum.  Heavy 
application  of  N  fertilizers  may  increase  vegetative  growth  and  delay  maturity.  On 
black  soils  of  Coimbatore  chilli  var.  K  1  gave  highest  yield  with  NPK  dose  of 
90  :  60  :  60kg/ha.  In  capsicum  cv.  California  Wonder  the  mean  fruit  yield  was  the 
highest  (11.1  tonnes/ha)  on  plots  receiving  N  at  150kg/ha  in  three  split  doses,  viz. 
at  planting  and  at  30  and  60  days  after  planting.  It  is  further  observed  that  nitrogen 
fertilized  plants  are  able  to  partition  a  greater  proportion  of  their  dry-matter  into 
the  fruits  resulting  in  a  higher  harvest  index  and  fruit  yield  NAR  and  RGR  were 
not  significantly  affected.  The  increase  in  the  fruit  fresh  and  dry  weight,  volume 
and  pericarp  thickness  was  observed  up  to  180kg  N/ha.  It  was  suggested  that 
fruits  for  use  as  green  vegetables  should  be  harvested  33-36  days  after  flowering 
under  all  levels  of  N  fertilization.  The  highest  yield  of  capsicum  cv.  California 
Wonder  was  at  160-1 80kg  N/ha  and  50kg  P205/ha. 

Under  rainfed  conditions  the  full  dose  of  phosphorus  and  potash  and  half  dose 
of  nitrogen  are  usually  applied  two  weeks  after  transplanting  and  the  remaining 
nitrogen  top-dressed  after  a  month  of  first  application.  While  under  irrigation, 
nitrogen  should  be  split  into  three  equal  doses  and  applied  at  an  interval  of  three 
weeks.  If  the  amount  of  nitrogen  to  be  applied  is  more  than  lOOkg/ha,  it  should  be 
split  into  two  to  three  doses  but  when  the  dose  is  less  than  50kg/ha  it  may  be 
applied  in  single  dose.  However,  at  the  time  of  transplanting  10  tonnes  of  organic 
manure  was  applied  as  spot  manuring. 
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Nitrate  form  of  nitrogen  is  preferred  by  capsicum  hence  it  is  suggested  that  for 
bell  pepper  nitrate  should  be  supplied  at  least  at  double  the  rate  of  ammonium 
nitrogen.  During  cooler  seasons  higher  ratios  of  ammonia  to  nitrate  and  in  summer 
almost  equal  ratio  of  these  two  forms  was  found  to  favour  capsicum  production. 
Pepper  plants  grown  under  nutrient  film  technique  (NFT)  and  fully  exposed  to 
solar  radiation  preferred  N03  as  the  source  of  nitrogen  while  imposing  shade 
made  the  plants  to  perform  well  with  ammoniac  and  nitrate  forms  in  1  :  4  ratio. 

Biofertilizers 

Capsicums  were  found  to  respond  positively  to  inoculation  with  VAM  fungus 
GlorrUis  itraradices  when  grown  in  field,  application  of  2kg  VAM  for  a  bed  size  of 
90  x  30  x  10cm.  Azospirillum  as  a  seed  treatment  and  soil  application,  combined 
with  nitrogen  application,  increased  the  plant  growth  of  capsicum  plants  grown 
under  semiarid  conditions. 

Water  management 

Since  chilli  is  largely  cultivated  as  a  rainfed  crop,  the  crop  suffers  during  its 
various  growth  phases  by  moisture-stress  due  to  drought  spell.  Soil-moisture-stress 
affects  the  plant  growth  and  production  of  chillies.  Reduction  in  tissue  water 
potential  and  turgor,  disruption  of  metabolic  process  and  effects  on  membrane 
integrity  are  the  primary  injuries  of  water  deficit.  This  leads  to  secondary  stress 
injuries  like  nutrient  deficiency  due  to  decreased  ion  uptake.  Decreased  nitrogen 
utilization  and  decreased  yield  were  observed  at  lower  irrigation  regimes. 
Phosphorus  uptake  was  severely  affected  by  soil-water-stress.  Moisture-stress  also 
resulted  in  severe  flower  drop  in  chilli  (Vijay  et  al.  1979). 

Chilli  crop  is  raised  as  a  rainfed  crop  where  the  amount  of  annual  rainfall  with 
good  distribution  is  around  80-1 00cm.  In  northern  parts  of  Karnataka  and  southern 
parts  of  Maharashtra  where  the  rainfall  received  is  around  80  cm  chilli  crop  is 
extensively  cultivated  as  a  rainfed  crop  in  kharif  season.  The  soils  with  available 
water-holding  capacity  of  100-1 60mm  per  metre  depth  of  soil  are  ideal  for 
cultivation  of  chillies.  Field  capacity  of  such  soils  is  around  16-22%  and  wilting 
point  is  about  6-8%.  Chilli  is  transplanted  in  June  when  the  relative  humidity  is 
around  90%,  which  facilitates  quick  establishment  of  transplanted  plants.  The  crop 
raised  in  kharif  season  is  mainly  for  ripe  red  dry  chilli  purpose.  In  semi-arid  regions 
of  the  tropics  it  is  observed  that  providing  supplemental  irrigation  whenever  dry 
spell  exceeds  8-10  days  period  almost  doubles  the  chilli  yields  on  red  loam  soils. 
Chilli  crop  is  also  raised  in  rabi  (winter)  season  and  summer  season  mainly  under 
irrigated  condition  for  green  chillies.  In  Andhra  Pradesh  and  Tamil  Nadu,  the 
chilli  crop  is  raised  under  irrigation  so  also  in  other  parts  where  the  amount  of  rain 
fall  received  is  not  sufficient  for  growth  of  the  crop. 
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Under  rainfed  conditions,  if  moisture  is  not  sufficient  in  the  main  field  at  the 
time  of  transplanting,  hand  watering  is  done  to  establish  seedlings.  Generally 
markings  with  pickaxe  are  made  and  then  hand  watering  of  about  500-1 ,000ml  per 
spot  are  made  and  chilli  seedlings  planted  in  the  moist  soil  and  covered.  Irrigation 
requirement  depends  on  season  of  cultivation  weather  factors,  soil  type,  type  of 
irrigation.  To  find  out  the  water  requirement  and  also  for  scheduling  irrigations 
for  capsicum  grown  either  in  open  or  in  green  houses,  either  the  radiation  method 
or  pan  evaporation  method  can  be  adopted.  Irrigation  requirement  of  chilli  crop 
has  been  found  to  be  110cm  in  Tamil  Nadu.  Irrigation  experiment  on  direct  seed 
and  transplanted  chilli  crop  was  conducted  at  Vegetable  Research  Institute  at 
Keckemet  in  Hungary  wherein  irrigation  was  given  at  55%  of  field  capacity,  70% 
of  field  capacity,  irrigation  at  two  weeks  interval  and  no  irrigation.  At  each  irrigation 
40mm  water  was  applied  by  sprinkling.  Irrigation  at  55%  of  field  capacity  gave  the 
highest  yield. 

Capsicums  are  mostly  grown  during  rainy  and  winter  seasons  although  it  is  not 
uncommon  to  see  them  being  cultivated  during  summer  season.  Still  the  major 
area  under  chilli  in  our  country  is  under  rainfed  condition.  From  the  water  extraction 
point  of  view  they  are  classified  as  medium  deep  rooted  crops  with  the  root  depth 
reaching  about  120cm,  however,  most  of  the  active  roots  which  get  water  are  seen 
with  in  the  soil  depth  of  60cm.  They  are  sensitive  to  water-logged  condition  and 
normally  can  not  withstand  water  stagnation  for  more  than  a  day.  Long  dry  periods 
are  likely  to  result  in  flower  shedding  and  fruit  fall.  Even  during  monsoon  season 
whenever  dry  spell  exceeds  7-8  days  providing  supplemental  irrigations  on  sandy 
loam  soils  of  semi-arid  regions  resulted  in  almost  doubling  of  crop  yield.  Plants 
grown  with  sufficient  soil-moisture  throughout  the  crop  growth  stage  show  better 
growth,  produce  more  flowers  and  set  more  fruits.  Whenever  the  capsicums  are 
grown  as  irrigated  crops,  normally  furrow  method  of  irrigation  is  followed.  Under 
Delhi  conditions  the  water  requirement  of  chilli  was  found  to  be  450mm  on  sandy 
loam  soils.  In  Hyderabad  region  the  water  requirement  by  providing  irrigation 
water  at  every  12  days  along  with  anti- transplant  spray  was  reported  to  be  348mm. 
At  Akola  region  of  Maharashtra,  highest  yield  of  chilli  was  obtained  with  irrigation 
scheduled  at  0.6  CPE  with  a  total  consumptive  use  of  926mm.  On  sandy  clay  loam 
soil  of  Bangalore,  bell  pepper  gave  maximum  yield  by  providing  irrigation  at  60% 
soil-moisture  depletion  level  in  the  top  30cm  soil  profile.  This  required  15  irrigations 
with  a  consumptive  use  of  446mm. 

GROWTH  REGULATORS 

Chilli  plant  growth  is  known  to  be  improved  by  spraying  of  different  growth 
regulators.  Among  several  growth  regulators  available  in  the  market  application  of 
CCC  or  Cycocel  10  DAT,  NAA  (planofix)  at  flowering  had  the  most  beneficial 
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effect  on  plant  growth.  Ten  ppm  of  Planofix  at  flowering  and  three  weeks  later  in 
chilli  cultivar  Pusa  Jwala  and  NP  46  A  increased  the  number  of  branches. 
Triacontanol  soil  drenching  @lppm  at  18  and  43  days  after  planting  under 
greenhouse  cultivation  improved  the  growth  of  chilli  plants.  Chilli  plant  height 
was  decreased  but  branching  increased  with  application  of  Ethrel  (300-500ppm) 
and  CCC  (500-2000ppm).  Similarly  spraying  with  Chloroflurenol  (50-200ppm)  at 
4  weeks  after  planting  to  chilli  cultivar  Pusa  Jwala  increased  the  number  of  secondary 
branches.  Fruit  set  in  chilli  can  be  improved  by  application  of  growth  regulators 
like  GA  (KMOOppm)  NAA  (20-200ppm)  and  CCC  (l,000ppm). 

From  the  studies  carried  out  by  different  researchers  it  is  quite  evident  that 
both  chilli  and  capsicums  respond  well  in  terms  of  growth  as  well  as  yield  to  an 
array  of  growth  regulators.  The  dosage  and  degree  of  response  is  found  to  vary 
with  the  chemical  tested  and  the  stage  of  the  crop  but  the  results  could  be  utilized 
as  an  economic  way  of  improving  chilli/capsicum  production. 

Protected  cultivation 

Capsicums  can  be  successfully  grown  either  for  fruits  or  for  seed  production 
using  naturally  ventilated  poly-cum  net  houses  for  off-season  cultivation  in  areas 
where  temperatures  do  not  exceed  37-38°C.  Using  misters  or  foggers  to  maintain 
slightly  higher  relative  humidity  and  marginally  reduced  temperature  (to  an  extent 
of  3°-4°C),  fruit  yields  in  the  range  of  30-35  tonnes/ha  and  seed  yield  of  more 
than  one  kg  per  lOOirf  are  obtained.  Presently  it  costs  about  Rs  6-8  lakhs  to 
construct  a  naturally  ventilated  poly-greenhouse  of  1,000m"  area  with  drip  and 
misting  facilities. 


PLANT  PROTECTION 

Some  important  diseases  and  insects  of  chilli  and  capsicum  which  greatly  effect 
their  yield  and  quality  are: 

Damping  off:  The  disease  is  most  common  at  nursery  stage  caused  by  Pythium 
sps.  Seedlings  are  attacked  near  hypocotyl  resulting  in  withering.  Seed  treatment  is 
done  with  Thiram,  Captan,  Agrosan,  Difolatan  80  or  Apron  70  @2g/kg  of  seeds. 
Nursery  soil  should  be  treated  with  Captan-based  fungicides  or  1%  formaldehyde. 
Drenching  the  nursery  with  Captan  @2  g/litre  of  water  at  10-15  days  interval. 

Anthracnose:  This  disease  is  caused  by  Colletotrichum  capsici  also  called  fruit 
rot  and  dieback  of  pepper.  Symptoms  appear  as  small  water  soaked  spots  which 
when  fully  developed  are  dark  sunken  with  numerous  acervulli  bearing  spare  masses 
arranged  in  concentric  rings.  In  dieback  tender  branches  from  the  top  show  necrosis 
downwards.  The  pathogen  is  seed-borne.  Destruction  of  infested  debris  by  seed 
treatment  with  Thiram  or  Captan  and  spraying  Diathane  M  45,  Topsin  M  or  Bavistin 
l-1.5g/litre  of  water  in  15-20  days  interval  is  effective. 
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Phytophthora  blight:  It  is  the  most  destructive  disease  of  capsicum  caused  by 
Phytophthora  capscici.  Initial  symptoms  in  the  field  occur  as  crown  rot  from  soil 
inoculum.  The  general  symptoms  are  wilting  of  plants  and  purplish-black  lesions 
at  the  collar  region.  Disease  dispersal  is  by  rain,  wind  or  irrigation.  Effectively 
controlled  by  crop  rotation;  soil  or  foliar  application  of  blitox  @3g/litre  also  checks 
and  is  effective.  Avoid  excessive  water  and  give  proper  drainage. 

Leaf  spot:  This  disease  is  caused  by  Cercospora  capsid,  on  leaves  and  stalks  large 
oval  or  somewhat  oblong  spots  with  grey  centers  appear  resulting  in  yellowing  of 
leaves  and  their  drop.  To  prevent  this,  seedlings  should  be  dipped  in  Bavistin  lg/ 
litre  and  foliar  spray  of  Bavistin  can  be  done. 

Chilli  mosaic:  The  virus  induces  cleaning  of  veins  of  younger  leaves.  Later 
whole  leaf  turns  yellow  followed  by  irregular  pattern  of  light-yellow  and  green 
patches  and  stunted  growth  of  infected  plants  and  weeds  from  the  plants.  Spray  of 
Rogor  or  Metasystox  @2ml/litre  of  water  at  regular  intervals  to  reduce  the  vector 
or  use  of  resistant  varieties,  viz.  Pusa  Jwala,  Pant  C  1,  Pusa  Sadabahar,  Punjab  Lai 
etc  are  effective  methods. 

Leaf  curl:  This  is  a  serious  disease;  symptoms  are  curling  of  leaves  accompanied 
by  puckering  and  blistering  of  intervenial  areas  and  thickening  of  the  veins.  In 
advance  stages  axillary  buds  are  stimulated  to  produce  clusters  of  leaves  which  are 
reduced  in  size.  It  is  transmitted  by  whitefly.  Infected  plants  should  be  removed. 
Control  of  insects  is  by  soil  application  of  Furadon  @1 .5kg  a.i./ha  followed  by  2- 
3  foliar  sprays  of  Rogor  or  Metasystox  @2ml/litre  of  water  at  10-15  days  interval. 

Thrips:  The  larva  and  adults  ( Scintothrips  dorsalis)  infest  tender  leaves  and  feed 
on  the  sap  causing  curling  of  leaves,  flower  and  buds  are  also  damaged.  Rogor  or 
Metasystox  @1.5ml/litre  of  water  followed  by  Metathion  @lml/litre  of  water 
after  10-15  days  is  effective. 

Aphids:  Aphid  (Aphis  gossypie)  and  green  peach  aphid  (Myzus  persicae)  sometimes 
feed  heavily  on  young  leaves  and  cause  considerable  losses.  Spray  of  Metasystox 
@1.5ml/litre  with  stickers,  viz  Triton,  Sandrif  or  Sandast  is  beneficial. 

Mites:  Mites  ( Hemitarsonemus  lalus )  of  different  genera  feed  on  leaves.  These 
tiny  spider  type  insects  are  in  plenty  on  the  underside  of  leaves  covered  with  fine 
webs.  Suck  cell  sap  and  yield  is  reduced.  Spray  of  Endosulfan  @1.5ml/litre  or 
Rogor  is  useful. 

Yield  and  harvest 

The  crop  is  harvested  for  either  green  fruits  or  red  ripe  fruits  by  hand  picking. 
The  picking  of  green  fruits  continues  for  about  two  months  at  an  interval  of  10- 
12  days  and  there  will  be  five  to  six  pickings  for  green  chillies  and  three  to  four  for 
red  ripe  fruits  in  all.  Drying  of  red  ripe  fruits  for  about  5-7  days  in  bright  sun  light 
is  necessary  before  marketing  or  storage.  When  there  is  good  demand  for  green 
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chillies  one  or  two  pickings  of  green  fruits  can  be  done  even  if  the  crop  is  grown 
for  red  chillies. 

The  yield  may  be  about  7-16  tonnes/ha  of  green  chillies  and  12-20  tonnes/ha 
of  non-pungent  sweet  capsicums  or  bell  peppers.  In  case  of  dry  chillies  the  yield 
may  be  0.5-1 .0  tonne/ha  of  rainfed  crop  and  1. 5-2.5  tonnes/ha  of  irrigated  crop. 
The  yield  of  fresh  green  chillies  is  3-4  times  higher  than  that  of  fresh  red  ripe 
chillies  and  6-10  times  that  of  dry  chillies.  However,  the  proportion  of  dry  to  fresh 
ripe  chillies  depends  upon  quantity  of  seeds  and  the  thickness  of  the  inner  wall,  the 
pericarp  of  the  fruit. 

Storage  and  marketing 

Pre -  and  post-harvest  handling:  Green  chilli  and  capsicum  should  be  harvested 
at  full  maturity  stage  but  at  green  stage.  Green  chilli  and  capsicums  are  usually 
ught  filled  in  gunny  bags  and  sent  to  the  local  wholesale  markets  and  also  transported 
to  long-distant  markets  in  trucks. 

When  chilli  is  used  as  dry  red  chilli,  harvesting  the  crop  when  the  pods  are  well 
ripened  and  partially  withered  in  the  plant  itself  gives  superior  produce  with  better 
pungency  and  colour  retention  properties.  Ideal  thing  to  do  would  be  to  keep  the 
harvested  pods  in  heaps  either  indoors  in  shades  away  from  direct  sunlight  ior  2- 
3  days  so  as  to  develop  uniform  red  colour.  The  ideal  temperature  is  22-25  C. 
Subsequent  to  this,  pods  should  be  dried  in  the  sun  by  spreading  them  out  on 
clean  dry  mats,  cemented  or  concreted  surfaces  /  terraces  on  a  uniformly  laid  out 
layer  of  sand.  To  get  uniform  and  quick  drying  pods  have  to  be  spread  out  in  the 
drying  yard  in  layers  of  8-1 0cm.  Frequent  stirring  should  be  practiced  to  avoid 
mold  growth  and  discolouration.  Unless  the  pods  are  dried  properly,  they  may  lose 
their  colour,  glossiness  and  pungency.  To  avoid  microbial  activity  and  aflatoxins, 
the  moisture  in  the  dried  pods  should  be  less  than  10%.  Sun-drying  takes  about  5- 
15  days  depending  upon  the  day  temperature  and  humidity.  The  farmers  generally 
go  on  roguing  out  the  diseased"  fruits  as  and  when  the  symptoms  of  discoloration 

and  disease  appear  during  the  whole  process  of  drying. 

Improved  drying  system  includes  drying  using  air  blow  drier  at  44-46 °C  and 
solar  drier.  However,  it  is  extremely  difficult  to  dry  very  large  quantities  of  chillies 
through  these  methods. 

Marketing:  Though  chilli  is  grown  mostly  in  kharif,  harvesting  of  red  ripe  chilli 
commences  in  October-November  in  Karnataka  to  February-March  in  Tamil 
Nadu  and  Andhra.  The  modes  of  transport  to  marketing  centres  are  head  loads, 
carts  and  trucks.  There  are  scores  of  important  assembling  and  distributing  and 
terminal  markets  of  chilli  in  India.  Some  of  the  important  assembling  centres  are 
Byadagi  and  Hubli  in  Karnataka,  Guntur  and  Warangal  in  Andhra  Pradesh,  Madurai, 
Virudhanagar  in  Tamil  Nadu  and  Amravati  and  Dondaiacha  in  Maharastra. 
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The  distributing  and  terminal  markets  are  Mumbai,  Calcutta,  Chennai,  Tuticorin, 
Virudhnagar,  Guntur,  Calicut,  Patna,  Kanpur,  Nagpur,  Delhi,  Pampat,  Pune, 
Sholapur,  Hyderabad,  Vijayawada,  Salem,  Warangal  and  Solan. 

The  present  system  of  marketing  chilli  is  through  regulated  market  committees. 
The  agricultural  produce  market  committes  are  operating  market  yards  in  all  the 
major  markets  in  Andhra  Pradesh  and  Karnataka.  Commission  agents  organize 
closed  auctions  in  Tamil  Nadu  and  elsewhere  in  the  country. 

Storage 

Green  chillies  and  Capsicum  should  be  cooled  immediately  after  harvesting, 
stored  and  transported  at  temperature  ranging  between  7°C  and  10°C  with  relative 
humidity  for  90-95%.  If  properly  cooled  and  stored,  the  shelf-life  can  be  extended 
by  14—21  days. 

In  case  of  dry  chillies,  pods  should  be  dried  properly  after  removing  plant  parts 
and  foreign  matter.  Later,  they  can  be  packed  in  clean,  dry  gunny  bags  and  stored 
in  cool  dry  places  ensuring  protection  from  dampness.  Dunnage  has  to  be  provided 
to  stack  the  packed  bags  to  prevent  moisture  ingress  from  the  floor.  Care  should 
be  taken  to  stack  the  bags  50-60cms  away  from  the  wall.  Stored  product  should 
preferably  be  exposed  to  sun  periodically.  Dry  chilli  could  be  stored  better  in  kraft 
pact  at  27°C  and  65%  relative  humidity  where  as  for  powder,  polythene  bag  is 
effective  than  clear  glass  containers. 

It  is  of  great  importance  that  the  colour  and  pungency  in  case  of  chillies,  and 
colour  in  the  case  of  paprika  are  maximally  preserved  during  storage.  In  trade 
there  is  a  preference  for  mechanically  dried  capsicums  with  around  10%  moisture 
as  those  that  are  over  dried  suffer  from  loss  of  colour  darkening  and  those  with 
higher  moisture  level  are  susceptible  to  infection  and  bleaching  of  colours  during 
storage. 

Factors  that  affect  stability  of  colour  and  capscinoids  of  stored  product  are 
genetic  factors  of  the  cultivar  and  harvest  maturity.  The  capsciamides  reach  a 
maximum  with  mature  ripe  stage,  the  colour  continues  to  increase  during  withering 
process  on  the  plant  and  subsequent  curing.  The  other  factors  affecting  color  and 
pungency  are  conditions  of  drying  to  a  safe  moisture  level  around  10%. 

Factors  that  have  considerable  influence  on  the  stability  of  the  colour  are  the 
temperature  of  storage  and  moisture  content  of  samples.  They  help  in  autoxidation 
of  the  unsaturated  fatty  acids  present  and  coupled  oxidation  reaction.  The  light 
induced  autocatalyzed  degradation  of  carotenoids  is  also  a  factor  in  sun-drying 
and  storage.  The  inherent  variation  in  the  colour  stability  of  different  cultivars  is 
due  to  the  different  constitutent  carotenoids  ascorbic  acid  and  tocopherol  content. 
Higher  capsanthin  and  capsorubin  (Carotenoids),  ascorbic  acid  and  tocopherol 
are  better  for  colour  retention.  The  whole  fruit  has  greater  storage  stability  of 
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colour  than  they  do  as  powder  and  the  temperature  of  storage  has  a  greater  influence 
than  air,  light  and  type  of  container. 

Export  of  chilli  from  India 

The  total  export  of  chillies  from  India  is  on  an  average  only  4%  of  total 
production.  This  is  mainly  because  of  high  domestic  consumption.  China  has 
emerged  as  a  principal  exporter  and  is  the  main  competitor  in  international  market. 
The  other  main  producers  and  exporters  of  chilli  are  Pakistan,  Morocco,  Mexico, 
Turkey  and  Bangladesh.  Exports  of  chilli  from  India  fluctuate  widely,  because  of 
varing  factors  such  as  availability  of  produce  for  internal  use,  and  international 
market.  There  is  an  increasing  demand  for  organic  food  colours  which  offers  good 
potential  for  developing  exports.  Chillies  are  exported  in  the  form  of  fresh  chillies, 
stalkless  dry  chilli,  green  chillies,  pickles,  chilli  powder  and  also  oleoresin  both 
colour  as  well  as  pungent.  Though  the  intrinsic  quality  of  Indian  chilli  is  superior 
contamination  of  any  form  especially  the  pesticide  residues  and  aflatoxin  are 
problems  affecting  export  of  Indian  chillies.  Therefore  there  is  a  need  for  combined 
efforts  of  farmers,  traders  and  exporters  to  upgrade  the  quality  by  using  improved 
pre-harvest  practices,  post-harvest  handling,  processing,  packing  and  storage. 

The  Directorate  of  Marketing  and  Inspection  under  the  Ministry  of  Agriculture 
has  prescribed  grades  for  the  internal  as  well  as  export  markets  known  as  AGMARK 
grades  for  chillies.  The  specifications  are  based  on  colour,  pod  length,  stalkless 
pods,  broken  chillies,  loose  seeds,  damaged  and  discoloured  pods,  foreign  matter, 
percentage  of  moisture  etc.  The  product  should  be  free  from  mold  and  insect 
damage.  The  importing  countries  insist  on  cleanliness  and  analytical  specifications 
besides  safe  levels  of  mycotoxin  and  pesticide  residues.  Each  of  the  importing 
countries  have  their  own  specification.  Such  as  USA  insists  on  ASTA  (American 
Spice  Trade  Association)  cleanliness  specification.  It  is  enforced  by  FDA  (Food 
and  Drug  Administration).  Similarly  EEC  countries  have  their  own  specification. 

Value  added  products 

The  demand  for  value  added  chilli  products  like  chilli  powder,  colour  oleoresin 
and  pungent  oleoresin  has  been  steadily  increaing.  In  food  beverage  industries, 
chilli  has  acquired  a  great  importance  in  the  form  of  oleoresin  which  permits 
better  distribution  of  colour  and  flavour  in  food  as  compared  to  chilli  powder.  The 
food  industry  prefers  to  use  highly  coloured  and  less  pungent  chillies  for  preparation 
of  oleoresins.  Oleoresin  offers  many  advantages  over  straight  spices,  viz.  cleanliness 
and  uniform  flavour.  Oleoresin  is  used  in  preparation  of  processed  products  and 
also  in  a  number  of  pharmaceutical  formulations. 

Role  of  Spice  Board 

The  spice  board  was  set  up  by  Government  of  India  under  the  Ministry  of 
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_ Table  9.  Indian  Institutes  actively  working  on  chilli  and  capsicum. 

Indian  institutes  Specific  areas  of  work 


IARI,  New  Delhi 
PAU,  Ludhiana 
IIHR,  Bangalore 


Regional  Research  Station,  Lam 

MPKV,  Rahuri 

UAS,  Dharwad 

PKV,  Akola 

JNKV,  Jabalpur 

Sher-e-Kashmir  University  of  Agricultural 
Sciences  and  Technology 
PDVR,  Varanasi 

Parmar  University  of  Horticulture  and  Forestry 

IARI  Regional  Station,  Katrain 

Assam  Agricultural  University,  Guwahati 

NBPGR,  New  Delhi 

NBPGR  Regional  Centre,  Hyderabad 


Virus  resistance  in  Chilli 
Chilli  virus  resistance,  F,  hybrid 
Disease  resistance,  male  sterility,  F, 
hybrids,  germplasm  enhancement 
chilli  and  capsicum 
Improved  varieties  in  chilli 
Improved  varieties  in  Chilli 
Improvement  of  Byadagi  variety 
improved  varieties  in  chilli 
Improved  Varieties  in  Chilli 
Improvement  of  Kashmiri  Chilli 

Germplasm  enhancement 
Capsicum  improvement 
Capsicum  and  paprika  improvement 
Germplasm  improvement 
Germplasm  enhancement 
Germplasm  evaluation 


Commerce,  with  its  headquarters  in  Cochin.  It  helps  in  finding  market  for  exports, 
prevailing  prices  and  market  requirement  in  the  importing  countries.  It  sends  trade 
delegation  to  participate  in  the  trade  fairs  within  the  country  and  abroad.  The 
credit  for  increasing  the  export  of  chilli  and  its  products  goes  to  a  great  extent  to 
the  board. 

_ Table  10.  Institutes  abroad  working  actively  on  chilli  and  capsicum. 

Country  Institute 

EMBRAPA,  Cente  Nacional  de  pesquisa  de  Hortalicas 
Brasilia 

Bulgarian  Academy  of  Sciences,  Institute  of  Genet¬ 
ics,  Sofia 

1 .  Hunan  Vegetable  Institute,  Changsha-Hunan 

2.  Institute  Vegetables  and  Flowers,  Beijing 

3.  Beijing  Vegetable  Research  Institute,  Beijing 
Centro  Agronomico  Tropical  de  Investigacion  Y 
Ensenanza  (CATIE)  Turrialba 
INRA,  Montfavet  cedex 

1 .  Vegetable  crops  Research  Institute,  Budapest 

2.  Vegetable  crops  Research  Station,  Kalosca 
LEHRI,  Bandung 
The  Volcano  Centre,  Bet  Dagan 

Korea  Democratic  Republic  Pyongyang  Vegetable  Research  Centre,  Pyongyang 

Republic  of  Korea  1.  Seoul  National  University,  Suwon 

2.  Horticultural  Expt.  Station,  Suwon 


Brazil 

Bulgaria 

China 

Costa  Rica 

France 

Hungary 

Indonesia 

Israel 
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SOLANACEOUS  VEGETABLES 


Country 

Institute 

Malaysia 

MARDI  Research  Station 

Russia 

All  Russian  Research  Institute  of  Vegetable  Breeding 
and  Seed  Production,  Moskow 

Taiwan 

AVRDC,  Shanhua,  Taiwan 

USA 

1 .  The  Chilli  Institute,  New  Mexico  State  University, 
Las  Cruces 

2.  Univ.  of  Florida,  Gainesville,  Florida 

3.  USD  A,  Colorado  State  Univ.,  Fort.  Collins 

4.  Texas  Agril.  Expt.  Stat.,  The  Texas  Univ.,  Weslaco, 
Texas 

5.  Louisiana  Agril.  Expt.  Stat.,  Baton-Rouge 

Yugoslavia 

1 .  Vitamin,  Spice  Pepper  Breeding  Station,  Horgos 

2.  Vegetable  Research  Institute,  Palanka 

NATIONAL  AND  INTERNATIONAL  INSTITUTES 
PROMOTING  IMPROVEMENT  OF  CHILLIES 

There  are  a  number  of  institutes  working  on  various  aspects  of  chilli  and  capsicum. 

Coming  to  the  National  Institutes  (Table  9),  premier  ones  are  Regional  Re¬ 
search  Station,  Lam,  Andhra  Pradesh;  Indian  Insdtute  of  Horticultural  Research, 
Bangalore;  Project  Directorate  of  Vegetable  Research,  Varanasi;  IARI,  New  Delhi; 
Punjab  Agricultural  University,  Ludhiana.  Besides  these,  most  of  the  state  agricul¬ 
tural  universities  are  working  on  chilli  (Table  9). 

National  Bureau  of  Plant  Genetic  Resources,  New  Delhi  helps  in  enriching 
the  germplasm  both  by  taking  indigenous  exploration  and  also  by  importing 
material  from  abroad. 

Among  the  well  known  international  Institutes  is  the  Asian  Vegetables  Research 
and  Development  Centre,  Taiwan  which  does  a  lot  of  work  on  peppers.  The  list  of 
major  institutes  working  as  capsicum  and  chilli  outside  India  is  given  in  Table  10. 
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Cauliflower 

( Brassica  oleracea  var.  botrytis) 

Ram  Singh  and  S  R  Sharma 


Area  and  production 

India  is  the  largest  producer  of  cauliflower  in  the  world  and  apart  from  India, 
the  other  major  producers  of  cauliflower  in  the  world  are  China,  France,  Italy,  UK, 
USA,  Spain,  Poland,  Germany  and  Pakistan. 


Table  1.  Area,  production  and  productivity  of  cauliflower  in  India  (1995-96) 


State/UT's 

Area 

(ha) 

Andhra  Pradesh 

NA 

Arunachal  Pradesh 

990 

Assam 

12,850 

Bihar 

71,210 

Delhi 

1,602 

Gujarat 

6,416 

Haryana 

6,400 

Himachal  Pradesh 

690 

Jammu  and  Kashmir 

1,139 

Karnataka 

4,208 

Madhya  Pradesh 

8,798 

Maharashtra 

3,583 

Manipur 

890 

Meghalya 

1,000 

Mizoram 

193 

Nagaland 

88 

Orissa 

49,409 

Punjab 

2,310 

Rajasthan 

154 

Sikkim 

195 

Uttar  Pradesh  (Hills) 

3,346 

Uttar  Pradesh  (Plains) 

18,357 

West  Bengal 

26,190 

Daman  and  Diu 

8 

2,20,025 

Production 

(mt) 

Productivity 

(mt/ha) 

NA 

NA 

3,590 

3.63 

1,20,000 

9.34 

11,39,360 

16.00 

20,826 

13.00 

1,02,765 

16.02 

1,34,400 

21.00 

13,800 

20.00 

19,692 

17.29 

78,768 

18.72 

1,31,000 

14.89 

71,855 

20.05 

8,900 

10.00 

13,000 

13.00 

1,115 

5.78 

895 

10.17 

61,704 

1.25 

56,879 

24.62 

601 

3.90 

1,500 

7.69 

15,094 

4.51 

2,07,199 

11.29 

2,70,600 

10.33 

144 

18.00 

24,73,987 

11.24 

Source:  Indian  Horticulture  Database,  NHB,  Ministry  of  Agriculture,  pp.  289-290  published 
in  lanuary  1 998 
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In  India,  it  is  a  major  vegetable  crop  grown  mainly  in  states  like  Bihar,  Uttar 
Pradesh,  Orissa,  West  Bengal,  Assam,  Haryana  and  Maharashtra.  Out  of  a  total  of 
53,35,447  hectare  of  land  under  vegetables,  cauliflower  occupies  4.12%  area.  From 
a  total  area  of  2,20,025  ha  under  cauliflower  in  India,  the  production  was  24,73,987 
mt  during  the  year  1995-96  having  3.46%  share  in  the  total  vegetable  production. 
Bihar,  West  Bengal  and  Uttar  Pradesh  are  the  leading  producers  of  cauliflower  in 
the  country.  State-wise  production  is  given  in  Table  1. 

Economic  importance  and  uses 

It  has  been  already  said  that  India  is  the  largest  producer  of  cauliflower  in  the 
world.  The  production  is  about  25  lakh  mt.  There  is  hardly  any  house  where  it  is 
not  regularly  used  as  vegetable.  With  the  development  of  tropical  types  in  cauli¬ 
flower  in  addition  to  the  temperate  types,  it  has  now  become  possible  to  grow  this 
vegetable  almost  throughout  the  year  particularly  in  the  northern  and  central  part 
of  India.  Cauliflower  growers  may  be  benefited  by  growing  this  crop  to  a  great 
extent  near  large  cities  or  by  sending  the  produce  to  distant  places  where  they  can 
fetch  better  price.  It  is  not  a  rich  source  of  nutrients.  However,  a  substantial  amount 
of  protein,  carbohydrate,  phosphorus  and  ascorbic  acid  is  present  in  the  curd.  It  is 
generally  used  as  cooked  vegetable  either  singly  or  mixed  with  potato  as  fried  or 
in  curry  form.  Pieces  of  cauliflower  (buttons)  can  be  fried  with  besan  for  the 
preparation  of  pakoras.  Grated  cauliflower  is  used  to  prepare  stuffed  parathas.  )t  is 
also  used  in  the  preparation  of  cauliflower  pickle  or  mixed  pickle  with  other  veg¬ 
etables.  Boiled  cauliflower  can  also  be  consumed  after  applying  salt  and  chilli  or 
black  pepper  powder. 

Export  potential 

The  Agricultural  and  Processed  Food  Products  Export  Development  Author¬ 
ity  (APEDA)  has  identified  traditional  vegetables  like  onion,  potato,  okra,  bitter 
gourd,  chilli  and  non-traditional  vegetables  like  asparagus,  celery,  sweet  pepper, 
sweet  corn,  baby  corn,  green  peas,  french  bean  and  cherry  tomato  as  having  good 
export  potential.  Onion  accounts  for  over  77%  of  the  total  foreign  exchange  earner 
among  fresh  vegetables.  Among  other  vegetables,  potato,  tomato,  cole  crops,  let¬ 
tuce,  root  crops,  cucumbers,  beans,  okra  and  chillies  are  the  important  vegetables 
being  exported.  Vegetables  are  also  exported  in  the  processed  form  earning  over 
Rs  231  crore  annually.  The  export  potential  of  cauliflower  is  almost  negligible.  The 
export  of  cabbage,  cauliflower  and  lettuce  together  during  1994-95  and  1996-97 
was  42.58  and  20.92  tonnes  which  earned  only  a  meagre  amount  of  Rs  1.70  and 
1.95  lakh  rupees.  The  possibility  of  cauliflower  export  needs  to  be  explored  as 
fresh  and  in  the  form  of  canned  product.  There  is  report  of  export  of  cole  crops 
from  Australia  to  other  countries. 
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Origin  and  distribution 

Cauliflower  is  thought  to  have  been  domesticated  in  the  mediterranean  region 
since  the  greatest  range  of  variability  in  wild  types  of  Brassica  oleracea  is  found 
there.  According  to  Boswell  (1949),  it  originated  in  the  island  of  Cyprus  from 
where  it  moved  to  other  areas  like  Syria,  Turkey,  Egypt,  Italy,  Spain  and  north 
western  Europe.  In  the  middle  of  the  16th  century,  the  first  illustration  and  de¬ 
scription  of  cauliflower  was  presented  by  the  herbalist  Dodoens  (1544).  It  was 
after  this  period  that  the  crop  became  more  commonly  cultivated,  particularly  in 
the  beginning  of  the  18th  century. 

It  has  descended  through  mutation  and  selection  from  a  common  ancestor,  the 
wild  cabbage  (Brassica  oleracea  L.  var.  sylvestns  L.)  which  is  still  found  growing  in 
western  and  southern  Europe  and  north  Africa.  It  was  introduced  to  India  in  1822 
by  a  botanist  from  Kew  Gardens,  London.  The  Royal  Agn-Horticultural  Society 
also  introduced  seeds  of  cauliflowers.  Seeds  were  also  imported  from  South  Africa 
and  England  and  were  distributed  to  farmers  in  north  India.  During  a  period  of 
about  one  hundred  years  (1822-1929),  these  introduced  cauliflower  varieties  un¬ 
derwent  selection  by  local  growers  when  seed  production  was  attempted  by  them 
in  north  Indian  plains.  Selections  were  made  for  early  maturity  and  wider  adapt¬ 
ability  to  hot  and  humid  weather  conditions.These  types  are  commonly  known  as 
Indian  or  tropical  cauliflower  which  are  good  for  early  sowing  and  early  harvest. 
In  later  season,  temperate  types  are  grown  which  are  known  as  snowball  or  late 
cauliflower. 

Taxonomy 

The  taxonomical  position  of  cauliflower  is  as  folows: 

Order  :  Cruciferae 

Tribe  Brassicae 

Sub-tribe  Brassica 

The  family  cruciferae  is  characterised  by  4  petals,  standing  opposite  to  each 
other  in  a  square  cross,  6  stamens  of  which  2  are  short  and  4  long  and  a  special 
kind  of  pod  called  siliqua.  Cauliflower  ( Brassica  oleracea  L.var.  botrytis  L.)  is  a 
monogenomic  species  whose  genomic  constitution  is  C  and  chromosome  number 
is  n  =  9. 

CROP  IMPROVEMENT 

Breeding  methods 

Mass  selection :  Mass  selection  has  been  widely  used  for  the  improvement  of 
cauliflower  in  India.  However,  this  method  is  not  so  effective  for  the  improvement 
of  polygenic  attributes;  also  it  is  slow  and  far  from  an  ideal  option.  Consequently, 
modifications  like  mass  pedigree  method  and  family  selection  method  that  are 
based  on  progeny  testing  have  been  found  better  than  mass  selection. 
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Recurrent  and  reciprocal  recurrent  selection:  In  order  to  make  the  best  use  of 
additive  gene  acdon,  recurrent  selection  is  being  followed  for  the  improvement  of 
a  number  of  quantitative  traits.  This  method  is  effectively  used  to  improve  the  base 
population  when  a  plateau  is  reached  for  yield  and  other  economic  attributes. 
Based  on  the  results  of  heritability  and  genetic  advance,  it  was  found  that  recurrent 
selection  is  useful  to  improve  compactness,  diameter  depth  and  weight  of  cauliflower 
curd  and  improvement  in  yield  from  18-47%  over  the  original  material. 

Inbreeding:  In  the  improvement  programme,  initially  inbreeding  was  attempted 
by  bud  pollination  as  most  of  the  local  accessions  were  highly  self-incompatible 
and  heterozygous.  Inbreeding  resulted  in  uniformity  of  characters  under  selection 
and  also  increased  the  yield.  Many  inbred  lines  which  were  derived  by  inbreeding 
had  much  better  yield  than  the  original  varieties. 

Hybridization:  Intervarietal  hybridization  can  also  be  attempted  to  combine 
useful  characters  of  two  varieties  like  compactness  of  curd  from  one  and  high 
harvest  index  from  other  variety  and  in  later  generations  selection  is  done  for  both 
the  characters  in  the  segregating  populations. 

Heterosis  breeding:  In  recent  years,  a  number  of  F,  hybrids  have  been  developed 
in  cauliflower.  In  general,  F]  hybrids  have  shown  superiority  over  open-pollinated 
varieties  in  plant  vigour,  early  and  total  yield,  curd  quality  and  disease  resistance  in 
early  and  mid-season  cauliflower.  For  economical  hybrid  seed  production, 
mechanisms  like  self-incompatibility  or  male  sterility  can  be  used.  Cross 
combinations  between  genetically  diverse  varieties  which  are  available  in  Indian 
cauliflower  are  capable  of  giving  high  hybrid  vigour.  Snowball  cauliflowers  are 
genetically  less  diverse,  therefore,  the  hybrid  vigour  in  this  type  of  cauliflower  is 
not  very  much  pronounced. 

Synthetic  varieties:  In  crops  which  have  high-heterosis  but  the  flower  structure 
is  such  that  it  can  not  be  exploited  economically,  development  of  synthetic  varieties 
are  useful.  Seeds  of  inbred  lines  which  show  good  general  combining  ability  are 
utilized  to  develop  synthetic  variety.  For  this  purpose,  inbred  lines  are  developed 
and  after  testing  the  general  combining  ability,  seeds  of  6  or  more  inbred  lines  are 
mixed  in  equal  amount  to  form  the  synthetic  zero  (S())  line.  These  seeds  are  grown 
and  are  allowed  to  cross  together  after  curd  formation  which  will  produce  synthetic 
one  (S  )  generation. 

Backcross  breeding:  This  method  is  practiced  when  simply  inherited  one  or 
two  characters  like  disease  resistance  or  curd  quality  are  transferred  from  a  variety 
to  another  well  adapted  variety.  It  can  also  be  used  to  transfer  male  sterility  from 
one  variety  to  the  other.  After  six  such  repeated  back  crosses,  the  male  sterility  can 
be  transferred  to  another  variety.  Two  important  advantages  of  back  cross  breeding 
over  the  pedigree  method  are  (1)  the  smaller  size  of  population  required  for  selecting 
the  desired  genotypes  and  (li)  the  feasibility  of  carrying  on  the  back  cross  programme 
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under  any  environmental  conditions.  In  a  polygenic  system  of  control  also  this 
method  is  used.  In  this  method  successive  back  crosses  may  not  be  needed  unless 
the  donor  parent  has  many  undesirable  characters. 

Anther  culture :  Anther  culture  has  been  successfully  attempted  in  cauliflower. 
Diploid  plants  obtained  from  anther  culture  are  of  particular  interest  to  the  plant 
breeder.  Methods  for  the  production  of  diploid  and  then  homozygous  diploid 
pure  breeding  lines  have  been  improved  considerably.  Such  plants  are  used  as 
parents  for  the  production  of  F]  hybrids  or  to  develop  open  pollinated  commercial 
cultivars. 

Somatic  hybridization'.  Somatic  hybrids  were  produced  between  radish  and 
cauliflower  by  electrofusion  of  protoplasts  from  hypocotyls.  Ogura-type  cytoplas¬ 
mic  male  sterility  was  transferred  in  cauliflower  by  donor  recipient  protoplast  fu¬ 
sion  and  cytoplasmic  male  sterile  plants  were  obtained. 

Genetic  markers :  Attempts  have  been  made  to  develop  transformed  plants  in 
cauliflower.  Oncogenic  strains  of  Agrobacterium  tumefaciens  harbouring  T,  plasmid 
have  been  used  as  vehicles  of  transformation  for  resistance  against  insects. 

Molecular  markers:  Molecular  markers  have  been  used  to  assign  genes  on  dif¬ 
ferent  chromosomes  and  to  identify  genes  for  resistance  and  other  economic  traits. 
Molecular  markers  (RAPD)  provide  a  quick  and  reliable  alternative  to  identifica¬ 
tion  of  cauliflower  cultivars. 


Table  2.  Maturity  groups  in  cauliflower 


Maturity 

Sowing  time 

Transplanting 

time 

Temperature  requirement 
for  curd  initiation  and 
development 

Early 

September  maturity 
(mid-September- 
mid-October) 
October  maturity 
(mid-October- 
mid-November) 

Mid-May 

May  end- 
mid-June 

July  beginning 

Mid-July 

20°-27°C 

20°-25°C 

Mid  early 

November  maturity 
(mid-November- 
mid-December) 

July  end 

September 

beginning 

16°-20°C 

Mid  late 

December  maturity 
(mid  December- 
mid  January) 

August  end 

September  end 

1 2°-1 6°C 

Late 

Snowball 

September  end 
to  mid-October 

October  end  to 
mid-November 

10°-16°C 
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Varieties  and  hybrids :  Cauliflower  is  a  thermosensitive  crop.  Varieties  differ  in 
their  temperature  requirement  for  curd  initiation  and  development.  They  have 
been  classified  into  different  maturity  groups  according  to  their  temperature 
requirement.The  sowing  and  transplanting  have  to  be  adjusted  so  that  the  varieties 
are  ready  for  harvest  in  their  specified  period  in  the  north  Indian  plains. 

VARIETIES 

Early  varieties 

Early  Kunwari:  A  very  early  variety  for  growing  in  Punjab,  Haryana,  Himachal 
Pradesh  and  Delhi.  Ready  for  harvest  from  mid-September  to  mid-October.  Curds 
are  semi-spherical  with  even  surface. 

Pusa  Early  Synthetic:  Plants  erect  with  bluish  green  leaves,  curd  small  to  me¬ 
dium  in  size,  flat,  creamy  white  and  compact.  Average  yield  11.7  tonnes/ha. 

Pant  Gobbi  3:  A  synthetic  variety  combining  inbred  lines.  Plants  with  long 
stem,  semi-erect-leaves  and  hemispherical  creamy  white,  medium  compact,  non- 
ncey  curds.  Yield  12  tonnes/ha.  Curds  are  ready  for  harvest  in  September. 

Pusa  Deepali:  Recommended  for  cultivation  in  entire  north  Indian  plains.  Plants 
medium  tall,  erect,  bluish  green  and  waxy  leaves,  curds  compact,  retentive  white 
and  medium  in  size. 

PantJGobhi  2:  Recommended  for  cultivation  in  the  northern  plains  of  the  coun¬ 
try.  Curds  are  medium  compact  and  yellowish.  Yield  potential  is  10  tonnes/ha 
available  in  October  in  the  plains. 

Mid-early  varieties 

Improved  Japanese:  An  introduction  from  Israel.  Plants  erect,  leaves  bluish 
green;  curds  compact  and  white.  Yield  potential  is  20  tonnes/ha. 

Pusa  Hybrid  2:  First  h\  hybrid  released  by  a  public  sector  organization.  Plants 
semi-erect  with  bluish  green  upright  leaves,  resistant  to  downy  mildew.  Curds  are 
creamy  white,  very  compact,  yielding  23  tonnes/ha. 

Pusa  Sharad:  A  variety  released  by  IARI  Variety  Release  Committee.  Foliage 
bluish-green,  leaf  with  narrow  apex  and  prominent  mid-rib.  Semi-dome-shaped 
white  and  very  compact  curd.  Average  yield  24  tonnes/ha. 

Pant  Gobhi  4:  A  variety  released  for  November  maturity.  It  has  medium  long 
stem,  semi-erect  leaves;  hemispherical  creamy  white,  medium  compact,  non-ncey 
curds.  Average  yield  14  tonnes/ha. 

Mid-fate  varieties 

Pusa  Synthetic:  A  synthetic  variety,  plants  erect,  frame  narrow  to  medium,  curds 
creamy-white  to  white  and  compact.  The  yield  potiential  is  27  tonnes /ha. 

Pant  Shubhra:  Released  for  cultivation  in  Bengal  Assam  basin  and  Sutlej  Ganga 
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EARLY  MATURITY 


Pusa  Early  Synthetic 


Pusa  Deepali 
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MID-MATURITY 


Pusa  Hybrid  2 


Pusa  Sharad 
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MID-LATE  MATURITY 


Pusa  Synthetic 


Pusa  Shubhra 
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LATE  MATURITY 


Pusa  Snowball  1 
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Alluvial  plains.  Curds  compact,  slightly  conical,  retentive,  creamish-white  in  col¬ 
our,  non-ncey  and  non-leafy.  The  yield  potential  is  25  tonnes/ha. 

Pusa  Sbubbra:  Plants  tall,  long  stalk,  leaves  light-bluish-green  twisting  back¬ 
wards  from  the  middle.  Curds  medium,  flat,  compact  and  white.  Field-resistant  to 
black  rot  and  curd  blight  diseases. 

Pusa  Himjyoti:  Erect  bluish-green  leaves  with  waxy  coating;  curds  retentive 
white,  self-blanched,  solid  and  500-600g  in  weight.  This  is  the  only  variety  which 
can  be  grown  from  April— July  in  the  hills.  Also  suitable  for  growing  in  December 
maturity  group  in  north  Indian  plains. 

Punjab  Giant  35:  Plant  are  vigorous  with  a  height  of  65cm.  and  spread  is  75cm. 
It  has  medium  sized  white  compact  curds.  The  variety  is  mainly  recommended  for 
Punjab  and  Haryana. 

Late  varieties 

Pusa  Snowball  1:  Released  for  growing  in  the  country  where  snowball  group  is 
grown.  A  late  variety  suitable  for  cool  season.  Leaves  are  straight  and  inner  leaves 
cover  the  curd.  Curds  are  compact,  medium  and  snow  white  in  colour.  Ready  for 
harvest  in  January-February  in  the  north  Indian  plains  and  during  March-Apnl  in 
the  hills. 

Pusa  Snowball  K  1:  Among  snowball  types  grown  in  the  country,  it  has  best 
quality  curds  which  are  snow  white  and  retain  it  even  if  the  harvesting  is  delayed. 
The  leaves  are  puckered,  serrated  and  light-green  in  colour.  It  is  late  in  maturity  by 
about  a  week  than  Pusa  Snowball  1.  It  is  tolerant  to  black  rot  disease. 

Ooty  1:  Suitable  for  growing  in  hilly  regions  of  Tamil  Nadu  above  1,800  msl.  It 
has  a  potential  yield  of  46  tonnes/ha  in  110-120  days. 

CROP  PRODUCTION 


Soil 

Cauliflower  grows  well  on  a  wide  range  of  soils  from  sandy  loam  to  clay.  The 
soil  should  be  well  drained  and  rich  in  nutrients.  The  plants  are  more  sensitive  to 
drought  in  light  soils,  therefore,  adequate  watering  is  required  in  such  soils.  Light 
soil  is  preferred  for  early  crops  while  loamy  and  clay  loam  soils  are  suitable  for 
mid-  and  late-maturity  types.  The  optimum  soil  pH  for  cauliflower  is  between  6 
and  7.  Liming  is  required  if  the  soil  pH  is  below  5.5.  It  can  also  be  grown  in  saline 
soils  provided  the  C-index  is  within  tolerance  limits.  The  limit  of  salt-tolerance  lies 
between  C2  and  C4  for  early  cultivars.  The  late  types  can  tolerate  salt-content  up  to 
Cf,  index  (Nieuwhof,  1969).  Cauliflower  is  sensitive  to  high  acidic  conditions.  In 
such  soils  deficiency  of  magnesium  may  appear  quickly  while  at  phi  higher  than  7, 
the  availability  of  boron  is  reduced.  It  has  been  reported  that  irrigation  water  with 
high  content  of  chloride  and  sulphate  salts  decreased  the  curd  yield  and  reduced 


86 


COLE  CROPS 


the  uptake  of  P  and  K.  Cauliflower  is  more  sensitive  to  deficiency  of  boron  and 
molybdenum  resulting  in  browning  and  whiptail  disorders  respectively. 

Climate 

As  already  mentioned,  cauliflower  is  a  thermosensitive  crop,  i.e.  temperature 
plays  an  important  role  influencing  vegetative,  curding  and  reproductive  phases  of 
plant.  Cauliflower  plant  may  transform  to  curding  from  5°C  to  nearly  28  -30  C, 
depending  on  the  cultivar.  For  this  transformation,  a  certain  amount  of  vegetative 
growth  would  be  necessary  to  pass  over  the  juvenile  phase  of  the  plant.  It  has  been 
reported  that  in  case  of  snowball  types,  four  week  growth  would  be  sufficient  for 
transformation  from  vegetative  to  curding  phase.  It  has  been  established  that  the 
young  seedlings  cease  vegetative  growth  at  temperature  slightly  above  0°C  in  case 
of  early  cultivars  in  temperate  regions.  The  optimum  temperature  for  the  young 
seedlings  is  around  23°C  which  at  later  growing  stage  drops  to  17°-20°C.  The 
tropical  cultivars  grow  even  at  35°C.  However,  if  the  temperature  remains  high 
(than  required  for  curding  in  specific  cultivars),  the  plant  will  remain  vegetative 
without  forming  any  curd  and  continues  to  form  new  foliage.  It  has  also  been 
established  that  between  15°C  and  20°C  the  growth  would  be  normal  for  most  of 
the  temperate  cultivars.  This  temperature  would  transform  tropical  cultivars  from 
vegetative  to  curding  stage.  When  these  tropical  cultivars  are  grown  in  lower  tem¬ 
perature,  they  will  form  button,  i.e.  they  will  form  small  curds  since  the  plant  will 
be  too  small  to  form  a  normal  sized  curd.  This  is  commonly  termed  as  buttoning. 

The  growth  of  cauliflower  can  be  classified  in  three  different  stages,  like  vegeta¬ 
tive  phase,  curd  initiation  phase  and  curd  development  phase.  The  plant  develop¬ 
ment  takes  place  in  the  vegetative  phase,  hence  water  and  fertility  in  the  soil  should 
be  optimum  along  with  the  appropriate  temperature,  which  should  be  a  few  de¬ 
grees  higher  than  the  optimum  needed  for  curd  initiation  and  development.  It  is 
important  that  the  temperature  should  not  fluctuate  too  much  during  the  curd 
initiation  phase  otherwise  the  curd  quality  will  deteriorate.  Likewise,  during  the 
curd  development  phase  which  is  from  curd  initiation  to  the  harvest,  too  much 
fluctuation  in  temperature  is  harmful  for  quality  curd  production. 

Riceyness  is  premature  initiation  of  floral  buds  at  the  upper  surface  of  the  curd. 
The  curd  becomes  velvety  and  unfit  for  marketing.  Riceyness  may  result  from  any 
temperature  higher  or  lower  than  the  optimum  required  for  a  particular  cultivar. 
However,  there  are  significant  differences  among  the  cultivars  in  their  tolerance  to 
such  characters.  This  disorder  is  also  influenced  by  heavy  nitrogen  dressing,  ram¬ 
pant  growth  and  high  relative  humidity,  though  there  are  differences  in  the  suscep¬ 
tibility  among  the  cultivars. 

Season 

Cauliflower  was  considered  to  be  a  winter  season  or  temperate  crop  earlier 
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since  only  few  temperate  or  snowball  types  of  cauliflower  cultivars  were  available 
for  cultivation.  With  the  development  of  tropical  or  Indian  cauliflower,  it  has  now 
become  possible  to  grow  this  crop  almost  throughout  the  year  particularly  in  north 
Indian  plains.  It  has  also  become  possible  to  grow  it  successfully  in  some  southern 
states  of  India,  e.g.  Kerala,  Karnataka,  Andhra  Pradesh  and  Orissa.  It  has  already 
been  discussed  earlier  that  cultivars  have  been  developed  for  growing  during  dif¬ 
ferent  periods  which  are  highly  tolerant  to  rains  and  capable  of  producing  curds  at 
high  temperature.  Earliest  of  these  cultivars  are  sown  during  the  hottest  period 
(May-June)  in  north  India  and  during  rainy  season  in  other  areas.  The  early  and 
mid-season  culdvars  produce  curds  starting  from  August  and  continue  till  January 
while  the  long-leaved  Erfurts  commonly  known  as  snowball  cultivars  and  also 
Alpha  strains  (adapted  to  Indian  conditions)  are  harvested  till  March  in  the  north 
Indian  plains.  Some  of  the  strains  which  are  performing  very  well  in  September 
maturity  group  are  also  performing  well  during  the  summer  season  in  north  In¬ 
dian  plains.  These  may  be  sown  and  transplanted  during  March-Apnl  to  get  curds 
in  May-June.  Pusa  Himjyoti  can  be  grown  from  Apnl-July  which  is  the  lean  sea¬ 
son  for  cauliflower  growing  in  the  hills.  Snowball  cauliflower  cultivars  can  be  grown 
m  the  hills,  sowing  the  seeds  in  August-September  and  planting  in  September- 
October.  The  harvest  of  the  crop  can  be  obtained  during  March-Apnl. 

Cropping  system 

In  the  present  situation,  land  is  a  scarce  commodity.  It  has  to  be  utilized  in  such 
a  way  that  maximum  return  is  obtained  from  a  particular  area  of  land.  Maximum 
returns  were  obtained  from  late  cauliflower  when  it  was  intercropped  with  spin¬ 
ach.  Randhawa  (1990)  has  suggested  the  following  vegetable  crop  rotations  that 
have  been  found  to  be  beneficial  under  Punjab  conditions. 
Cauliflower-Tomato-Okra 

Eggplant-Cauliflower-Bottle  gourd 

With  the  development  of  newer  and  early  maturing  cauliflower  cultivars  which 
are  transplanted  in  the  rainy  season  and  harvested  by  October-November,  rabi 
vegetables  can  be  grown  easily  after  their  harvest. 

Nursery  practices,  seeds  and  sowing 

The  seeds  should  be  sown  in  well-drained  and  thoroughly  prepared  nursery 
beds.  The  soil  of  the  nursery  beds  should  be  reduced  to  the  finest  possible  tilth 
before  sowing  and  it  should  not  be  fertilized  too  heavily.  When  the  seed  is  sown 
during  rainy  season,  the  nursery  beds  should  be  drenched  with  fungicides  or  may 
be  sterilized  with  Formalin.  Recently,  the  practice  of  solarization  alone  or  com¬ 
bined  with  low  rates  of  fumigants  had  proved  to  be  most  effective  in  controlling 
several  diseases.  For  early  crop,  500-600g  seeds  are  required  to  plant  one  hectare 
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area  while  for  mid  and  late  crops,  about  350-400g  seeds  are  sufficient.  The  condi¬ 
tions  for  nursery  raising  of  early  crop  are  not  very  optimum  since  the  period  has 
high  temperature,  low  humidity  with  dry  hot  winds.  For  such  situation,  it  has  been 
suggested  that  the  beds  should  be  made  cool  by  providing  sufficient  moisture  in 
the  beds  and  by  covering  them  during  hotter  period  of  the  day.  The  nursery  beds 
should  be  narrow  and  about  30cm  wide  so  that  through  the  channels,  the  water 
can  go  to  the  whole  bed  through  percolation.  The  period  for  mid-season  crop  is 
better  in  respect  of  temperature,  but  because  of  high  rainfall  and  cloudy  days,  the 
beds  require  full  protection  from  over  moist  conditions.  In  such  situations,  poly¬ 
tunnel  may  be  an  ideal  alternative  for  raising  the  seedlings.  In  case  of  mid  and  late 
crops,  the  period  of  sowing  is  more  congenial  in  north  Indian  conditions.  The 
surface  of  the  bed  should  be  smooth  and  firm.  The  seed  is  sown  thinly  (about  15- 
20  seeds  per  30cm)  in  rows  and  not  more  than  1.5-2cm  deep.  The  rows  should  be 
about  7cm  apart.  Seeds  are  covered  after  sowing  with  0.5-lcm  of  soil.  Mulching 
material  (dry  grass)  can  be  used  to  cover  the  bed  after  sowing  to  conserve  moisture 
and  to  hasten  the  germination.  However,  it  should  be  removed  as  soon  as  the 
seeds  show  sprouting.  Under  normal  conditions,  the  seeds  will  germinate  in  3—4 
days.  In  areas  where  the  weather  is  very  hot  and  dry  particularly  in  north  Indian 
conditions  for  raising  nursery  of  the  early  crop,  the  beds  should  be  watered  twice 
in  the  morning  and  evening  by  rose  can  and  the  channels  between  two  beds  should 
also  be  watered  on  every  alternate  or  third  day  to  retain  sufficient  moisture  and 
humidity.  Watering  should  be  withheld  3-4  days  before  transplanting  so  that  the 
seedlings  get  hardened.  Before  uprooting,  the  beds  are  thoroughly  soaked  with 
water  to  facilitate  easy  removal  of  seedlings  without  much  injury.  The  seedlings 
will  be  ready  for  transplanting  in  4—6  weeks  depending  on  the  weather  conditions. 

Preparation  of  field 

The  soil  should  be  well  prepared  and  brought  to  a  fine  tilth.  The  manure  and 
fertilizer  should  be  applied  as  a  basal  dose  while  preparing  the  field.  Drainage  is  a 
problem  for  early  and  mid-early  crop  in  north  India  and  sometimes  in  mid-season 
crop  when  the  monsoon  prolongs,  beds  should  be  prepared  after  the  last  plough¬ 
ing  and  following  fertilizer  application  as  basal  dose.  The  beds  should  be  so  pre¬ 
pared  that  the  excessive  water  drains  out  rapidly  without  causing  soil  erosion. 

Transplanting 

Normally,  a  hardened  seedling  is  likely  to  give  better  results  and  since  the  early 
crops  are  transplanted  in  the  monsoon,  5— 6-week-old  seedlings  stand  better  chance 
of  establishment.  Singh  et  d  (I960)  reported  that  3-week-old  seedings  when  trans¬ 
planted  gave  the  best  growth  and  increased  the  percentage  of  marketable  quality 
curds.  It  has  been  reported  that  hardening  of  seedlings  by  withholding  water  for 
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4-6  days  proved  useful  in  increasing  yield  and  suppressing  buttoning.  It  has  also 
been  found  that  repeated  transplanting  markedly  improved  the  growth  and  yield 
of  curds  up  to  41%.  Most  of  these  studies  have  been  done  in  snowball  cauliflower 
and  may  not  be  always  applicable  for  the  other  cultivars  because  snowball  is  grown 
under  most  ideal  conditions  in  north  India.  Not  much  information  is  available  in 
respect  of  early  crops  where  the  problems  are  more  serious.  But  repeated  trans¬ 
planting  in  the  nursery  is  a  common  practice  in  the  Hajipur  area  for  the  produc¬ 
tion  of  seed  of  tropical  types  of  cauliflower.  For  these  early  cultivars,  Chatterjee 
and  Sharma  (1970)  suggested  that  stocky  seedlings  of  5-6-week-old  and  4— 5-week- 
old  for  other  maturity  groups  should  be  selected  for  transplanting.  Seedling  growth 
during  the  monsoon  after  transplanting  in  early  and  mid-early  crop  is  likely  to  be 
hampered  due  to  over-moist-condition  of  soil  and  overcast  sky.  If  such  condition 
persists  for  a  longer  time,  spray  of  0.5%  urea  at  the  early  stage  and  1%  at  later 
stages  would  be  very  helpful  in  inducing  growth  and  reducing  the  possibility  of 
buttoning.  It  is  also  suggested  that  during  this  period,  ridge  planting  would  be 
more  ideal.  The  planting  should  preferably  be  done  in  the  afternoon  for  better 
survival  of  the  seedlings  in  the  field. 

Spacing 

Generally,  closer  spacings  are  kept  for  early  and  mid-season  crop  and  wider 
spacing  for  late  maturing  cultivars.  Mishra  et  al.  (1959)  reported  that  the  best  re¬ 
sults  were  obtained  with  a  spacing  of  45cm  between  and  within  the  rows.  Arora 
et  al.  (1970)  recommended  30  x  60cm  spacing  as  best  for  Snowball  16.  Hari  Om 
et  al  (1985)  recommended  60  x  45cm  spacing  as  best  for  Pusa  Synthetic  and  Snow¬ 
ball  16.  Trials  at  Bhubaneswar  and  Kalianpur  under  All-India  Co-ordinated  Project 
revealed  that  a  spacing  of  40  x  60cm  was  the  best  for  Snowball  cauliflower.  IARI, 
New  Delhi  has  recommended  plant  to  plant  spacing  of  36— 40cm  for  early  crops 
and  45cm  for  other  crops  and  60  cm  between  the  rows. 

Mulching 

Clear  plastic  covering  of  cauliflower  crop  resulted  in  faster  growth  and  ad¬ 
vanced  the  harvest  up  to  10  days.  Singh  and  Mishra  (1975)  reported  highest  re¬ 
turns  by  mulching  with  mango  leaves.  Ten  centimeter  thick  mulching  with  paddy 
husk  had  been  found  to  be  beneficial  in  increasing  growth  and  yield  of  cauliflower. 
Mulching  and  long  intervals  of  irrigation  were  found  to  be  as  good  as  short  inter¬ 
vals  of  irrigation  and  ‘no  mulch’  treatment  (Patel  and  Jyotishi,  1969). 

Nutrient  requirement  and  management  of  nutrients 

Cauliflower  requires  heavy  manuring  as  it  removes  large  quantities  of  major 
nutrients  from  the  soil.  Nieuwhof  (1969)  reported  that  absorption  rate  of  nutrient 
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by  cauliflower  per  hectare  is  143-234kg  N,  22-37kg  P,  128 — 209kg  K,  55— 91kg  Ca 
and  7-1 2kg  Mg.  Most  of  the  recommendations  made  by  the  research  workers  are 
based  on  cultivars  like  Snowball.  Very  little  information  is  available  on  the  fertilizer 
and  manurial  requirements  of  the  early  crops.  Since  the  early  crops  are  grown 
under  unfavourable  conditions  of  monsoon  season,  cloudy  days  and  high  tem¬ 
perature,  they  often  fail  to  give  satisfactory  yield.  More  attention  should  be  given 
to  the  standardization  of  fertilizer  requirement  of  these  crops.  Foliar  spray  of  1- 
2%  urea  will  boost  up  the  crop  growth,  increase  the  crop  productivity  and  mini¬ 
mise  the  buttoning. 

Recommendations  made  by  various  workers  with  respect  to  manures  and  ferti¬ 
lizer  requirements  of  cauliflower  are  given  in  Table  3. 


Table  3.  Manure  and  fertilizer  recommendations  for  caulifower 


N 

(kg/ha) 

P 

(kg/ha) 

K 

(kg/ha) 

Organic 

manure 

(q/ha) 

Other  nutrients 

Source 

125 

50 

50 

_ 

_ 

Singh  and  Srivastava,  1987 

100 

60 

- 

- 

— 

Khurana  et  al.  1987  on 
Pusa  Synthetic 

60 

80 

40 

1 50-200 

Choudhury,  1967 

100 

75 

50 

150 

Ray,  1981 

125 

- 

- 

- 

Sulphur 

375  kg/ha 

Nagda  and  Chauhan, 

1987 

120 

80 

40 

- 

Sharma  and  Choudhury, 
1985 

40,+402+103 

_ 

- 

Pandey  et  al.  1 982 

40'  +  402  +  303  Recommendations  of  Co-ordinated  Project 

For  Sabour  on  Snowball 

60’  +  303 

Recommendations  of  Co-ordinated  Project 

For  Pantnagar 

'Basal;  2Top  dressing;  3Foliar  spray. 


It  has  been  reported  by  Thakur  et  al.  (1991)  that  higher  dose  of  N  application 
delayed  curd  maturity,  increased  gross  plant  weight,  stalk  length,  number  of  leaves/ 
plant,  curd  yield  and  incidence  of  stalk  rot.  Excessive  application  of  P  hastened 
curd  maturity,  reduced  the  stalk  length,  leaf  size  and  stalk  rot  and  increased  gross 
plant  weight,  number  of  leaves,  dry-matter  content  and  curd  yield.  Application  of 
boron  increased  the  number  of  leaves/plant,  dry-matter  content  and  curd  yield 
and  reduced  the  leaf  area  and  the  incidence  of  stalk  rot.  Bathkal  (1960)  observed 
that  the  protein  content  was  increased  with  higher  levels  of  N  and  bolting  was  also 
less.  Phosphorus  was  useful  in  reducing  the  buttoning.  The  combination  of  N  and 
P  was  found  to  be  much  beneficial  as  compared  to  their  separate  application. 
Dhesi  et  al.  (1964)  did  not  find  any  significant  effect  with  the  application  of  P  and 
K.  At  the  Indian  Agricultural  Research  Institute,  New  Delhi,  Chatterjee  and  Sharma 
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(1970)  recommended  60kg  N  +  50kg  P  and  60-70  tonnes  of  farmyard  manure  per 
hectare  as  basal  dose  and  remaining  60kg  N  to  be  applied  in  the  form  of  top 
dressing. 

Irrigation 

It  is  necessary  to  maintain  proper  soil-moisture  level  to  harvest  good  yield  of 
cauliflower.  The  seedlings,  just  after  transplanting  should  be  irrigated  for  better  stand  of  the 
crop.  The  early  and  mid-season  crops  require  only  protective  irrigation  depending 
on  the  rain.  However,  moisture  during  both  growth  and  curding  should  be  ad¬ 
equate  for  even  growth  and  proper  development  of  the  curd.  Singh  (1978)  ob¬ 
served  that  the  yield  and  curd  quality  were  best  with  single  or  double  row  plandng 
method  in  drip-irrigation  system.  However,  furrow  system  of  irrigation  is  more 
commonly  used.  In  a  study,  it  was  found  that  0.25  bar  soil-moisture  regime  was  the 
best  for  getting  maximum  yield,  while  in  another  study  in  early  Snowball  cultivar 
0.45  bar  soil-moisture  regime  was  found  to  be  the  best.  It  was  also  observed  that  P 
and  K  uptake  of  plants  is  reduced  and  Na  uptake  increased  with  increasing  salinity 
in  irrigation. 

Weed  control 

The  problem  of  weeds  in  this  crop  is  very  serious  due  to  wider  spacings,  frequent 
irrigations  and  liberal  use  of  manure  and  fertilizers.  The  curd  yield  of  cauliflower 
could  be  reduced  to  the  tune  of  36-69%  if  weeds  are  not  controlled.  The  crop 
needs  four  weeks  of  weed-free  period  after  transplanting  to  prevent  yield  losses.  In 
cauliflower,  weed  control  is  mainly  done  by  hand  weeding  using  khurpi  which  also 
serves  the  purpose  of  a  little  hoeing  but  it  is  too  cosdy.  Forty  per  cent  increase  in 
yield  has  been  reported  in  cauliflower  using  black  polythene  film  which  retained 
moisture,  prevented  deterioration  of  soil  structure  and  reduced  the  difference  be¬ 
tween  maximum  and  minimum  temperatures.  Many  herbicides  have  been  tried  in 
cauliflower  for  the  effective  control  of  weeds.  It  has  been  found  that  pre-planting 
spray  of  2-2.5  litre  Basalin  (alachlor)  or  3.3  litres  of  Stomp  (pendimethalin)  per 
hectare  in  the  finally  prepared  field  control  dicot  weeds  for  about  45  days.  It  should 
be  followed  by  one  hand  weeding.  However,  these  herbicides  do  not  control  weeds 
like  nut  grass  ( Cyperus  rotundus),  Cynodon  dactylon  and  parthenium.  These  can  be 
controlled  by  spraying  Glyphosate  @  2.51itre/ha  on  the  growing  weeds,  since  this 
weedicide  is  translocated  through  the  living  plant  tissues.  It  has  no  effect  in  the  soil 
because  it  is  degenerated  by  the  micro-organisms  present  in  the  soil. 

Use  of  growth  regulators 

NAA  10  ppm  treatment  of  cauliflower  seedlings  as  starter  solution  has  been 
found  effective  in  respect  of  plant  stand  in  the  field  and  the  vegetative  growth. 
Application  of  GA4+GA7  at  the  rate  of  80  mg/litre  of  water  shortened  the  period 
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from  transplanting  to  the  harvest.  The  quality  of  the  curd  was  not  affected  by  this 
treatment  (Booij,  1990).  In  another  study  Reddy  (1989)  obtained  maximum  plant 
height,  curd  diameter  and  yield  of  cauliflower  by  two  applications  of  GA3. 

Synergistic  effects  of  mineral  nutrition  and  growth  regulators  have  been  no¬ 
ticed  for  plant  growth  and  curd  yield  of  cauliflower.  Besides,  GA  and  NAA  have 
also  proved  to  be  effective  in  increasing  the  yield  (Muthoo  et  al.  1987). 

Harvesting 

Care  should  be  taken  while  harvesting  cauliflower  to  cut  the  curd  immediately 
when  it  reaches  prime  condition.  In  case  of  doubt  about  the  maturity,  it  is  better  to 
harvest  early  than  late.  If  the  harvests  are  late,  the  curd  starts  loosening  because  of 
flower  stalk  emergence.  They  may  become  leafy,  ricey  or  fuzzy.  While  harvesting, 
the  stalk  is  cut  off  from  above  the  soil  surface  with  a  large  and  sharp  knife  or 
khurpi. 

The  large  leaves  are  then  trimmed  away  leaving  only  sufficient  jacket  leaves  to 
protect  the  curd  from  bruising  and  other  mechanical  injury  in  transport.  More 
jacket  leaves  are  kept  when  transporting  of  loose  cauliflower  than  when  packed  in 
crates.  In  crates,  the  jacket  leaves  are  trimmed  leaving  a  fringe  of  leaves  projecting 
2-3cm  above  the  curds. 

Yield 

In  the  early  group  of  cauliflower,  the  yield  varies  depending  on  the  season  and 
the  cultivar.  At  higher  temperature  above  25°C,  in  most  of  the  cultivars,  the  curds 
are  small,  loose  and  creamish  or  yellow  in  colour.  The  farmers  keep  closer  spacings, 
inspite  of  this,  the  yield  rarely  exceeds  10  tonnes/ha  btit  the  yield  may  vary  be¬ 
tween  12-15  tonnes/ha  in  the  later  maturing  plants  in  the  same  cultivar  at  20°- 
25°C.  Mid-season  cultivars,  with  cooler  season  may  yield  up  to  20  tonnes/ha.  Highest 
yield  up  to  20-30  tonnes/ha  is  obtained  from  snowball  or  late  cauliflower  where 
the  curds  are  more  compact,  uniform  and  plant  population  is  larger  per  unit  area. 

PLANT  PROTECTION 


Diseases 

Damping  off:  It  is  a  common  problem  of  seedlings  in  the  nursery  beds  and 
caused  by  the  fungus  of  genus  Pythium.  The  base  of  the  young  seedlings  above  the 
soil  level  are  attacked  by  the  fungus  which  become  water  soaked  and  collapse 
rapidly  causing  the  seedlings  to  topple  and  die. 

Control:  Drenching  of  nursery  beds  a  fortnight  prior  to  sowing  with  25ml  to 
30ml /litre  Formaldehyde  and  covering  the  nursery  for  about  56  hrs  or  drenching 
with  Captan  @2-3g/litre  of  water  @51itre/rrf  area.  Drenching  again  of  seedlings 
with  Captan  and  seed  treatment  with  Apron  35  @2g/kg  of  seed. 
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Downy  mildew:  The  disease  causes  serious  damage  at  all  stages  of  the  plant 
growth.  It  is  caused  by  the  fungus  Pemospora  parasitica. The  disease  is  character- 
i2ed  by  the  appearance  of  purplish-brown  spots  on  the  under  surface  of  the  leaves. 

Control:  The  crop  should  be  sprayed  with  Ridomil  MZ  72  @0.5g/litre  of  water 
at  10-15  days  interval  or  with  Dithane  M  45  @1.5 — 2g/litre  of  water. 

Alternaria  leaf  and  pod  spots:  The  disease  is  caused  by  Altemaria  brassicae  and 
A.  brassicola  which  affects  mosdy  the  seed  crops.  The  leaf  spots  by  A.  brassicae 
appear  as  small,  dark  coloured,  circular  lesions  up  to  one  centimeter  diameter.  The 
enlargement  of  the  spots  may  be  in  concentric  circles.  The  spots  caused  by  A. 
brassicae  are  similar  to  A.  brassicola  except  that  they  remain  small  and  light  in  col¬ 
our.  Cauliflower  curds  are  also  infected  by  Alternaria. 

Control:  Two  to  four  foliar  sprays  of  Dithane  M  45,  Difolatan  80  or  Daconil 
(kavach)  @1.5-2g/litre  water  at  an  interval  of  15  days  is  an  effective  control  meas¬ 
ure. 

Rhizoctonia:  It  causes  damping  off,  wire  stem,  bottom  rot,  head  rot  or  crown 
rot  and  is  caused  by  Rhizoctonia  solani. 

Control:  Use  of  resistant  varieties  and  application  of  Brassicol  @  20-30kg/ha 
has  been  found  to  be  highly  effective. 

Sclerotinia  Stalk  rot:  A  serious  disease  of  seed  crop  and  caused  by  Sclerotinia 
sclerotiorum.  The  earliest  symptoms  are  loss  of  turgidity  of  leaves  during  day  time 
but  recover  during  night.  The  bnght-green  sheen  of  the  affected  plants  is  replaced 
by  dull-whitish-green  colour  ultimately  becoming  pale-yellow.  In  seed  crop,  the 
fungus  attacks  inflorescence  on  which  mycelium  and  sclerotia  can  be  seen.  The 
affected  branches  die  and  bear  only  shrivelled  seeds. 

Control:  Seed  treatment  as  well  as  spray  of  Benomyl  and  Carbendozin  control 
sclerotinia  incidence  (Singh  et  al.  1994).  Deep  summer  ploughing  and  where  possi¬ 
ble  the  field  should  be  flooded  with  water  and  then  drained  off.  Burning  of  crop 
residue  in  the  field  results  reduction  in  the  number  of  sclerotia  in  top  2cm  of  oil 
(Gilbert,  1991).  According  to  Singh  and  Kapoor  (1996)  Carbendazim  (25kg/0.4ha) 
and  Metalaxyl  +  Mancozeb  (50kg/0.4ha)  completely  inhibit  mycelial  growth  as 
well  as  sclerotium  production  and  ascopore  germination. 

Black  rot:  The  disease  is  caused  by  the  bacteria  Xanthomonas  campestris  pv. 
campestris.  Infection  of  leaves  occur  through  water  pores  at  the  leaf  margins  or 
wounds  caused  by  chewing  insects.  The  tissue  turns  yellow  and  chlorosis  progresses 
towards  the  centre  of  the  leaf  forming  a  wilted  V-shaped  area  with  base  of  V 
towards  the  mid-rib.  Veins  show  a  brown  or  black  discolouration. 

Control:  Hot  water  treatment  of  the  seeds  at  50±2°C  for  30  minutes  followed 
by  30  minute  dip  in  lOOppm  Streptocycline  (Sharma,  1981).  Antibiotics  like 
Agrimycin  100  (0.01%),  Streptocycline  (0.01%)  and  Aureomycin  etc.  are  also  found 
to  be  effective. 
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Soft  rot:  It  is  incited  by  Erwinia  carotovora  and  is  one  of  the  most  destructive 
diseases  of  storage,  transit  and  in  field.  In  the  field  it  occurs  only  following  black 
rot  or  after  mechanical  injury  of  nearly  mature  cabbage  heads. 

Control:  Disposal  of  heads  where  black  rot  occurs,  allowing  heads  to  dry  suffi- 
ciendy  before  storing  on  packing,  avoiding  bruising  in  transit.  Spraying  100-200ppm 
Streptocycline  or  Plantomycin  combined  with  Copper  oxychloride  (0.3%)  at  15 
days  interval. 

Insects 

Cabbage  butterfly:  The  caterpillar  (Pieris  brasicae)  eats  up  leaves  from  the  mar¬ 
gins  onwards  leaving  primary  veins  intact;  also  damage  seed  crop  to  a  great  extent. 

Diamond  backmoth:  The  caterpillar  (Plutella  xylostella )  damages  leaves  on  the 
head  and  early  growing  heart.  Leaves  are  damaged,  even  damages  growing  tips. 

Tobacco  caterpillar:  The  caterpillars  (Spodoptera  litura)  cause  damage  by  biting 
round  holes  into  the  leaves  as  they  damage  the  inner  core  of  the  head.  They  form 
characteristic  half-loop  while  walking. 

Aphids:  Cause  severe  damage  to  seedlings  and  at  curd  formation  to  seed  setting 
stage.  Important  aphids  are  Brevicoryne  brassicae  and  Myzus  persicae,  sucks  the  sap 
of  leaves,  stems,  flower  and  pods  of  the  seed  crop. 

Control:  Spray  0.20%  Malathion  or  Thiodon  at  an  interval  of  10-15  days  against 
cabbage  butterfly,  diamond  back  moth,  tobaco  caterpillar  and  aphids  as  and  when 
the  infestation  occurs.  Spray  of  0.1%  Pyrethrins  instead  of  Malathion  when  the 
cabbage  heads  are  formed. 

Storage  and  marketing 

Most  of  the  cauliflower  grown  in  India  is  harvested  and  used  for  fresh  con¬ 
sumption.  In  general  it  is  not  stored  in  the  cold  storage  because  of  lack  of  capital 
to  erect  and  run  the  cold  storage  by  individual  farmer.  However,  snowball  cauli¬ 
flower  can  be  stored  for  7  days  at  0°-1.7°C  and  relative  humidity  between  85- 
95%.  It  has  been  reported  that  when  cut  heads  of  the  cauliflower  cultivars  were 
stored  with  intact  leaves  at  0°C  for  40  days  and  at  0°C  for  20  days  or  in  forced 
ventilation  (7.5°-10.3°C),  there  was  no  reduction  in  dry-matter  content  of  the 
curds.  This  was  due  to  translocation  of  breakdown  products  from  the  leaves  to  the 
curds.  After  the  consignment  reaches  the  market,  the  jacket  leaves  are  heavily 
trimmed  alongwith  the  large  stalk  leaving  only  a  fringe  of  inner  whorl  of  leaves 
projecting  2-3cm  above  the  curd  surface.  These  are  then  ready  for  retail  sale  to  the 
consumers  for  fresh  consumption. 

Pre-  and  post-harvest  handling 

After  the  full  attainment  of  curd  maturity,  the  plants  are  cut  from  above  the  soil 
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surface.  Harvesting  should  preferably  be  done  in  the  night  or  early  morning  so 
that  the  product  remains  turgid  and  fresh.  If  the  harvesting  is  done  in  the  day, 
leaves  and  curd  will  lose  their  turgidity  and  freshness  which  is  a  must  for  the 
product  to  be  marketed.  The  freshly  harvested  plants  should  be  put  in  the  truck  or 
cart  in  such  a  way  that  the  bruising  of  the  curd  is  minimum.  Even  after  trimming 
of  the  jacket  leaves,  care  should  be  taken  to  minimize  the  bruising  of  the  curd  by 
rubbing.  In  case  of 'cauliflower,  the  bruised  pordon  of  the  curd  becomes  blackish 
and  unattracdve  for  the  fresh  market. 

Maturity  standards 

In  cauliflower,  the  maturity  standards  are  judged  by  visual  observadons.  It  is 
better  to  harvest  a  litde  early  than  late  in  case  of  any  doubt.  If  the  harvesting  is 
delayed,  loosening  of  curd  will  take  place  making  the  curd  unfit  for  marketing 

Packing  and  packaging  materials 

Packages  protect  the  contents  against  undue  damage  during  distribution  and 
maintain  the  shape  and  strength,  often  for  long  periods  at  a  relative  humidity  near 
saturation.  They  also  facilitate  rapid  cooling  of  the  material.  If  used  for  display, 
packages  must  be  attractive  to  the  consumer.  Generally,  packaging  material  is  not 
used  for  transportation  or  storage  of  cauliflower  in  India.  Cling  wraps  may  be  used 
for  packaging  of  cauliflower  for  which  only  the  curd  portion  is  kept  and  all  the 
leaves  are  completely  removed.  Freshly  harvested  plants  with  most  of  the  leaves 
intact  are  loaded  in  a  truck  or  cart  keeping  the  curd  downward  so  that  they  are  not 
exposed  to  the  sun  and  the  leaves  protect  the  curd  from  bruising  and  impact 
damage.  This  is  practiced  where  the  market  is  situated  nearby.  To  distant  mar¬ 
kets,  they  are  sent  in  gunny  bag  packings. 

Grading 

Grading  is  an  important  aspect  of  vegetable  marketing.  It  is  felt  that  there  is  a 
considerable  amount  of  confusion  about  the  quality  and  price  of  vegetables  sold  in 
the  market.  In  order  to  provide  a  basis  for  orderly  marketing  of  cauliflower  and  at 
the  same  time  to  enable  the  consumers  to  identify  the  quality  in  relation  to  the 
price  paid,  there  is  a  need  to  formulate  grade  specifications  and  standardization. 
For  this  purpose  the  produce  is  generally  sorted  into  different  grades  and  attrac¬ 
tive  forms  to  fetch  additional  returns  in  terms  of  money.  In  this  direction,  the 
Directorate  of  Marketing  and  Inspection,  Ministry  of  Rural  Areas  and  Employ¬ 
ment,  Government  of  India,  fixed  tentative  grade  standards  for  cauliflower  and 
cabbage  in  1997.  According  to  this,  curds  above  2kg  weight  are  graded  as  large, 
between  1  and  2kg  as  medium  and  below  1kg  as  small.  Besides,  the  curds  should 
have  phenotypic  similarity,  and  they  should  be  firm,  compact,  creamy  or  snow 


96 


COLE  CROPS 


white,  well  trimmed,  free  from  discolouration,  softening,  bruises,  fuzziness  and 
riceyness.  It  should  also  be  free  from  damage  caused  by  wilting,  diseases  and  in¬ 
sects. 

Value  added  product 

Considerable  amount  of  broccoli,  Brussels  sprouts  and  cauliflower  are  frozen 
in  the  United  States.  Some  cauliflower  and  cabbage  are  canned  and  pickled.  In 
India  cauliflower  is  mainly  dried  or  processed  into  mixed  vegetable  pickle.  They 
are  also  marketed  as  Pachranga  and  Satranga  oil  pickle  that  include  vegetables  and 
fruits.  In  the  glut  season,  cauliflower  can  also  be  preserved  in  chemical  solution 
containing  3%  salt  +  0.2%  potassium  metabisulphide  +  0.8%  glacial  acidc  acid  in 
glass  jars  for  6-8  months  for  culinary  purpose  and  for  pickling. 

Frozen  cauliflower  is  being  marketed  by  the  National  Dairy  Development  Board. 
In  the  glut  season,  when  the  Snowball  cauliflowers  are  harvested,  this  organization 
procures  cauliflower  curds.  These  are  washed,  cut  into  pieces,  blanched,  packed  in 
poly  bags  of  the  desired  size,  frozen  and  then  marketed  in  the  lean  period  through 
the  Mother  Dairy  oudets. 

For  dehydration,  the  cauliflower  buttons  are  separated  and  cut  into  small  pieces. 
These  pieces  are  blanched  for  4-5  minutes  in  boiling  water,  steeped  in  0.5%  S02 
solution  for  about  an  hour,  then  drained  and  washed.  These  are  then  dried  at  60°C 
for  about  10-12  hours.  The  dry-matter  content  is  7  and  8-10%  in  snowball  and 
tropical  cauliflower,  respectively. 

Canning  is  also  done  on  limited  scale  in  India.  For  this  purpose,  compact  curd? 
are  cut  into  pieces  of  suitable  size.  These  are  then  blanched  for  5-6  minutes  in 
boiling  solution  of  0.1%  citric  or  tartaric  acid  and  subsequently  cooled  in  2%  brine 
to  prevent  discolouration.  Blanched  material  is  filled  in  plain  cans  containing  2% 
brine,  then  they  are  sealed  and  sterilized.  Pink  discolouration  in  the  canned  prod¬ 
uct  is  a  problem,  therefore,  it  is  not  generally  preferred. 


Cabbage 

(Brassica  oleracea  L.  var.  capitata  L.) 

T  S  Verm  a,  S  Joshi  and  S  C  Sharma 

Cabbage  is  one  of  the  most  economically  important  member  of  genus  Brassica.  It 
is  the  most  popular  vegetable  around  the  world  in  respect  of  area,  production  and 
availability,  almost  round  the  year.  In  India,  it  ranks  second  next  to  cauliflower  in 
area  and  production.  Traditionally,  it  is  grown  to  a  larger  extent  in  the  southern, 
eastern  and  coastal  areas  of  India,  whereas  cauliflower  occupies  more  area  in 
northern  India.  But  after  the  development  of  hybrids  and  some  tropical  lines  it  is 
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produced  almost  round  the  year  throughout  the  country  barring  1-2  months  (during 
very  high  and  low  temperatures).  It  is  consumed  throughout  the  country  by  every 
class  of  people  as  a  fresh  leafy  vegetable  or  raw  as  salad.  It  falls  under  ‘cole  group’ 
of  vegetables  and  all  cole  crops  have  one  common  trait,  i.e.  the  genetic  potential  to 
thicken  various  parts.  Cabbage  is  distinguished  by  its  swollen  heads  which  is  formed 
by  thickening  of  edible  bud  with  thick  tightly  packed  overlapping  leaves  manifesting 
a  large  head.  The  shape  of  the  head  may  be  round,  conical,  oblong,  flat  or  savoyed 
depending  on  the  variety. 

Area  and  production 

Cabbage  is  grown  in  an  area  of  2,073  thousand  hectares  spread  over  more  than 
90  countries  of  the  world  (FAO  Yearbook  1997).  The  area  in  India  under  cabbage 
has  gone  up  from  78,000  ha  in  1980  to  2,20,000  ha  in  1997  (SAI  1997).  It  covers 
about  4%  area  under  vegetable  crops  in  our  country.  The  increase  in  area  has  been 


Table  1.  Area,  production  and  productivity  of  cabbage  in  India  for  the  year  1995-96 


State/UT's 

Area  in  (ha) 

Production  (mt) 

Productivity  in  (mt)/ha 

Andhra  Pradesh 

1,284 

32,100 

25.00 

Aruncahal  Pradesh 

2,275 

8,990 

3.95 

Assam 

18,500 

2,27,500 

15.89 

Bihar 

39,415 

6,26,320 

15.89 

Delhi 

782 

23,304 

29.80 

Gujarat 

7,349 

99,608 

13.55 

Haryana 

3,950 

53,250 

13.48 

Himachal  Pradesh 

1,640 

42,656 

26.01 

jammu  &  Kashmir 

465 

7,664 

16.48 

Karnataka 

8,263 

1,98,317 

24.00 

Madhya  Pradesh 

3,805 

15,200 

39.95 

Maharashtra 

8,624 

1,61,202 

19.69 

Manipur 

1,125 

13,500 

12.00 

Meghalaya 

1,122 

13,460 

12.00 

Mizoram 

315 

1,480 

4.70 

Nagaland 

350 

6,475 

18.50 

Orissa 

45,979 

7,25,109 

15.77 

Rajasthan 

6,067 

1  7,384 

2.87 

Sikkim 

225 

2,350 

10.44 

Tamil  Nadu 

994 

1,07,620 

114.00 

Uttar  Pradesh  (Hills) 

4,434 

22,957 

5.12 

Uttar  Pradesh  (Plain) 

35,205 

10,47,585 

27.76 

West  Bengal 

26,196 

2,70,618 

10.33 

Andaman  Nicobar 

7 

35 

5.00 

Daman  &  Diu 

10 

200 

20.00 

Total 

2,18,381 

3,86,584 

17.68 

Source:  Indian  Horticulture  Database,  NHB,  Ministry  of  Agriculture,  pp.  227-28,  Published 
in  January  1998. 
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possible  due  to  the  introduction  of  heat-tolerant  varieties  and  Ft  hybrids  which 
give  more  yield  per  unit  area  as  compared  to  traditional  cultivars  in  areas  of  mild 
winters.  The  hybrids  occupy  22.9%  of  the  area  under  cabbage  (Swarup,  1998).  The 
demand  for  this  nutritious  vegetable  is  going  on  increasing  and  its  production  is 
also  increasing  simultaneously.  A  state-wise  statement  of  area  and  production  of 
cabbage  in  our  country  is  given  in  Table  1. 

The  world  production  of  cabbage  is  around  5,071  lakh  tonnes.  The  production 
of  cabbage  in  India  has  increased  from  4,70,000  tonnes  in  1980  (Anon,  1981)  to 
42,00,000  tonnes  in  1997  with  per  hectare  yield  increased  from  6.2  tonnes  in  1980 
(Anon,  1981)  to  19.09  tonnes  in  1997  which  is  still  lower  than  the  world  figure  of 
24.63  tonnes/ha  (SAI,  1997).  The  low  yield  has  been  due  to  poor  quality  seeds  and 
lack  of  suitable  cultivars  for  mild  winter  areas  where  the  formation  of  loose  heads 
by  the  traditional  cultivars  result  in  low  yield  per  unit  area  (Seshadri  and  Chatterjee, 
1983;  Swarup,  1983).  The  increase  in  average  yield  is  mainly  due  to  the  introduction 
of  heat-tolerant  hybrids  of  cabbage  which  yield  compact  non-splitting  heads  even 
under  stress-conditions. 

The  gap  can  be  minimized  further  with  world  figure  by  developing  improved 
cultivars,  disease  resistant  Fj  hybrids  and  adopting  efficient  production  technology 
for  different  agroclimatic  regions  of  India. 

Uses 

Cabbage  is  commonly  used  fresh  as  salad,  cole  slaw,  boiled  vegetable,  cooked  in 
curries  and  processed.  It  is  also  pickled  as  well  as  dehydrated.  Cabbage  is  known  to 
possess  medicinal  properties.  In  ancient  times,  it  was  used  against  ailments  like 
gout,  diarrhoea,  stomach  and  coeliac  troubles.  Cabbage  has  an  anti-cancer  property, 
it  protects  against  bowel  cancer  due  to  the  presence  of  indole-3-carbinol.  Cabbage 
juice  was  used  as  a  remedy  against  poisonous  mushrooms  and  as  a  gargle  against 
hoarseness.  The  leaves  were  used  to  cover  ulcers  and  wounds.  It  is  said  to  help  in 
digestion.  Shredded  cabbage  leaves  fermented  under  pressure  ( sauerkraut )  in  its 
own  juices  with  added  salt  is  a  method  of  preserving  cabbages  has  a  curative  effect 
on  scurvy  diseases.  Cabbage  is  rich  in  mineral  content  and  vitamins. 

Origin 

Cabbage  belongs  to  the  cole  group  of  vegetables  (cole  is  a  plant  of  genus  Brassica) 
which  originated  from  a  single  wild  ancestor  Brassica  oleracea  L.  var.  sylvestris  L. 
commonly  known  as  wild  cabbage,  cliff  cabbage  or  ‘Colewort’,  through  mutation, 
human  selection  and  adaptation.  A  number  of  wild  forms  of  the  species  Brassica 
oleracea  L.,  to  which  all  the  cole  crops  belong,  are  found  along  the  coasts  of  the 
Mediterranean  Sea  from  where  they  spread  over  to  whole  of  Europe.  It’s  wild 
forms  are  still  found  in  western  and  southern  Europe  and  north  Africa.  Cabbage 
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evolved  in  Germany  (Helm,  1963)  and  both  red  and  white  cabbage  known  in 
Germany  by  1150  ad  and  by  14th  Century  in  England.  Cabbage  was  one  of  the 
earlier  cultivated  forms  of  cole  crops  ( Brassica  oleracea  L.)  and  was  probably  in 
general  use,  around  2000-2500  bc.  It  is  said  that  cabbage  was  held  in  high  esteem 
by  the  ancient  Greeks  and  even  worshipped  by  the  Egyptians. 

The  exact  date  of  introduction  of  cabbage  into  India  is  not  certain  but  it  is 
known  to  be  cultivated  during  the  Mughal  period  (1542  >)  as  has  been  mentioned 
in  Ain-i-Akbari  (Anon).  However,  no  evidence  of  seed  production  of  cabbage  in 
India  during  the  Mughal  period  is  found  in  literature.  The  first  recorded  evidence 
of  organized  seed  production  of  temperate  vegetables  including  cabbage  is  in  the 
early  forties  when  the  experiments  were  conducted  at  Quetta  in  Baluchistan 
(Pakistan)  and  later  in  Kashmir  Valley  and  Himachal  Pradesh  (Seshadri  and 
Chatterjee,  1996). 

After  the  partition  of  the  country,  the  Union  Ministry  of  Agriculture, 
Government  of  India  started  a  station  at  Katrain  in  Kullu  district  of  Himachal 
Pradesh  in  1949  to  standardize  the  seed  production  technology  of  temperate 
vegetables  including  cabbage.  With  the  transfer  of  this  station  to  Indian  Agricultural 
Research  Institute  in  1955,  the  improvement  work  on  these  crops  was  intensified. 
At  present  its  seed  production  is  taken  up  in  hilly  regions  of  our  country  where  it 
fulfils  its  chilling  requirement  to  enter  into  reproductive  phase  after  a  period  of 
vegetative  phase  (6  weeks  approx.)  being  biennial  crop  in  nature. 

Distribution 

Basically,  cabbage  is  a  crop  of  temperate  zones  but  it  has  spread  to  both  sub¬ 
tropical  and  tropical  regions  of  the  world.  In  India  the  traditional  cabbage  growing 
areas  are  the  southern  and  south-eastern  coastal  regions  where  it  is  cultivated  on  a 
large  scale.  The  other  cabbage  growing  states  are  Uttar  Pradesh,  Orissa,  Bihar, 
Karnataka,  West  Bengal  and  Assam.  However,  with  the  introduction  of  new  open 
pollinated/hybrid  varieties  both  in  temperate  and  heat-tolerant  types,  its  cultivation 
is  geared  up  around  the  country  by  adjusting  their  sowing  and  planting  times. 

Taxonomy 

Cabbage  belongs  to  genus  Brassica  of  the  family  Crucifer ae  (Mustard  family) 
which  is  characterized  by  4  petals  arranged  opposite  to  each  other  in  a  square, 
cross  6  stamens  of  which  2  are  short  (having  nectaries  at  their  base).  The  carpels 
form  a  superior  ovary  with  a  false  septum  and  two  rows  of  Campylotropus  ovules. 
It  bears  seeds  in  a  special  kind  of  bicarpellary  pod  called  the  siliqua.  Its  botanical 
name  is  Brassica  oleracea  var.  capitata  Linn.  The  cultivated  cabbage  is  a  biennial, 
crop  but  its  progenitor  wild  cabbage  is  herbaceous,  usually  perennial.  The  cultivated 
types  of  cabbage  show  great  variation  in  respect  of  size,  shape  and  colour  of  leaves, 
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and  size,  shape,  colour  and  texture  of  the  head.  Nieuwhof  (1969)  recognized  the 
following  three  cultivated  forms  of  cabbage: 

Brassica  oleracea  var.  capitata  L.  f .alba  1  DC  White  cabbage 

B.  O.  var.  capitata  L.  f. rubra  (L)  Jhell  Red  cabbage 

B.  0.  var.  sabauda  L.  Savoy  cabbage 

The  diploid  (2n)  chromosome  number  is  18.  It  crosses  readily  with  other 
horticultural  forms  of  Brassica  oleracea. 


CROP  IMPROVEMENT 

Breeding  methods 

In  cabbage  improvement  programme,  the  breeding  objectives  should  be  clear 
so  as  to  apply  appropriate  methodology  for  achieving  the  desired  targets.  Although 
the  main  objectives  in  any  crop  improvement  programme  are  yield  and  its 
components  and  resistance  to  pests  and  diseases  but  other  characters,  viz. 
acceptability  of  the  variety  by  the  producer,  market  and  the  consumer,  are  also 
given  importance.  In  cabbage  main  characters  according  to  International  Board 
for  Plant  Genetic  Resources  (IBPGR)  are  plant  type,  frame  (diameter)  of  plant, 
stalk  length  and  thickness,  number  of  unwrapped  leaves,  size  of  leaves,  size  (length 
and  diameter)  of  edible  part  (head),  shape,  colour  and  compactness  of  head,  taste/ 
nutritive  quality,  harvest  index  (weight  of  edible  part  divided  by  weight  of  total 
plant),  yield  per  unit  time  (maturity),  yield  per  unit  area,  resistance  to  diseases  and 
pests,  high  seed  yielding  potential  and  consumers’  preference  etc. 

A  diagnostic  descriptor  has  been  prepared  following  IBPGR’s  descriptor  for 
Brassica. 


Seedling  stage 

•  Hypocotyl  colour — Usually  observed  at  5-leaf  stage  may  be  white,  pale-green, 
pink,  red,  purple. 

•  Seedlings  leaf  colour — white  green,  yellow-green,  light-green,  grey-green, 
dark-green,  purple-green,  purple. 

•  Seedling  leaf  marginal  incisions  are  entire,  crenate,  dentate,  serrate,  undulate, 
doubly  dentate. 

•  Cotyledon  retention — may  be  early  dropping  or  non-dropping. 

Vegetative  at  head  maturity  stage 

•  Morphotype  uniformity — may  be  uniform  crop,  having  continuous  variation 
or  two  or  more  distinct  types. 

•  Plant  height  and  its  frame  (plant  spread) 

•  Number  of  unwrapped  leaves 

•  Leaf  colour  and  leaf  character. 
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•  Leaf  blade  shape  are  orbicular,  elliptic,  obovate,  spathulate,  ovate,  lanceolate 
and  oblong. 

•  Leaf  division  margin  as  in  seedling  stage. 

•  Leaf  apex  shape  is  acute,  intermediate,  rounded  and  broadly  rounded. 

•  Leaf  blade  blistering,  i.e.  none,  low,  intermediate  or  high. 

•  Petiole  or  mid-vein  enlargement  and  colour  may  be  white,  pink,  purple  with 
narrow,  intermediate  or  enlarged  vein. 

•  Head  shape  in  longitudinal  section  it  may  be  triangular,  ovate,  obovate,  elliptic, 
spheric,  cylindric  or  transverse  elliptic. 

•  Head  cover  from  subtending  leaves  may  be  exposed,  intermediate  or  covered. 

•  Primary  colour  of  outer  head  leaves. 

•  Head  size  in  relation  to  plant  size. 

•  Head  solidity,  head  length  and  diameter 

•  Core  length  inside  head. 

•  Primary  colour  of  head  inside. 

•  Tendency  of  head  to  split  and  relative  time  to  maturity. 

On  the  basis  of  above  characters  one  should  thoroughly  know  the  specific 
characters  of  the  variety.  The  NBPGR,  New  Delhi  has  also  prepared  descriptor 
for  the  characters  particularly  suited  to  Indian  conditions. 

Cabbage  is  highly  cross-pollinated  depending  on  the  cultivar  and  the  degree  of 
cross-pollination  is  as  high  as  73%  (Watts,  1968).  Self  incompatibility  is  the  genetically 
controlled  mechanism  which  expresses  the  inability  of  a  plant  having  functional 
male  and  female  gametes  to  set  seed  either  self-pollinated  or  cross-pollinated  with 
a  plant  having  the  same  self-incompatible  alleles.  Because,  self  incompatibility  acts 
to  prevent  the  pollen  from  germinating  on  and  growing  into  the  stigma  or  style, 
thus  preventing  self-fertilization.  These  SI  alleles  are  controlled  by  one  locus  called 
S  alleles  which  are  active  in  the  stigma  in  flowering  stage  but  remain  inactive  in 
the  bud  stage,  i.e.  2-4  days  before  its  opening.  The  glycoproteins  present  in  the 
stigma  hinder  the  pollen  germination  and  penetration.  This  phenomenon  helps 
to  maintain  an  individual  plant  or  develop  inbred  lines  for  breeding  work  by  bud 
pollination  method.  Spraying  of  NaCl  3%  half  to  one  hour  after  pollination  may 
also  overcome  self  incompatibility.  Self  incompatibility  may  be  partially  or  wholly 
broken  down  by  genetical,  environmental  (extrinsic)  and  physiological  (intrinsic) 
factors.  The  genetical  factors  like  modifier  genes,  less  active  S-alleles  and  competitive 
interaction  between  S-alleles  cause  breakdown  of  self  incompatibility.  Flower’s  age 
and  stage  of  flowering  are  the  intrinsic  factors  whereas  the  extrinsic  factors  like 
high  temperature,  high  humidity  and  high  concentration  of  carbon  dioxide  are 
responsible  for  breakdown  of  self-incompatibility. 

Protogyny  is  the  phenomenon  where  the  stigma  matures  earlier  than  the  anthers. 
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In  cabbage  the  stigma  remains  receptive  for  five  days  before  anthesis  due  to 
protogynous  nature  of  the  flower  and  four  days  after  anthesis. 

Cytoplasmic  and  genetic  male  sterility  found  in  cabbage  is  also  helpful  for  the 
production  of  hybrids. 

Although  any  breeding  method  applicable  for  cross-pollinated  crops  can  be 
utilized  in  cabbage  breeding,  its  suitability  depends  on  the  character  to  be  improved, 
whether  it  is  controlled  by  oligogenes  or  polygenes.  Before  taking  up  improvement 
work  one  must  build  up  a  germplasm  pool  which  will  serve  as  a  gene  complex 
reservoir  for  different  characters  and  consequently  provides  the  richest  source  of 
variability.  Crop  improvement  depends  upon  this  variability  to  be  utilized  in  breeding 
programme.  In  cabbage  the  genetic  diversity  has  not  been  studied  in  detail  but 
Myers  (1915)  classified  cabbage  depending  on  maturity,  size,  shape  and  colour  of 
head  into  eight  distinct  groups,  namely  (a)  Wakefield  or  Winningtadt  group  (b) 
Copenhagen  Market  group,  (c)  Flat  Dutch  or  Drumhead  group  (d)  Savoy  group 
(e)  Danish  Ballhead  group  (f)  Alpha  group  (g)  Volga  group  (h)  Red  cabbage  group. 
With  the  outcome  of  natural  crossing  intermediate  stages  of  different  groups  are 
now  existing  due  to  selection  of  desired  types.  The  above  genetic  variability  is 
being  maintained  at  IARI  Regional  Station,  Katrain  (HP)  to  some  extent  for 
utilizing  it  in  the  improvement  in  cabbage.  The  commonly  used  methods  in 
cabbage  improvement  are  given  here. 

Selection-  methods 

The  success  in  improvement  work  depends  on  the  amount  of  available  variability 
in  the  crops.  Mass  selection  has  been  found  to  be  effective  in  cabbage  breeding  for 
disease  resistance  (Walker,  1956)  and  ascorbic  acid  content.  It  is  useful  for 
improvement  of  characters  governed  by  one  or  few  genes.  In  mass  selection,  the 
plants  selected  from  a  population  are  allowed  to  flower  and  pollinate  at  random 
and  the  seed  after  harvesting  is  pooled.  This  method  is  not  much  effective  in 
breeding  because  there  is  no  control  over  the  pollen  parent.  But  still  this  method  is 
used  in  maintenance  and  purification  of  existing  varieties.  For  increasing  the 
effectiveness  of  selection  in  cabbage  improvement  mass  pedigree  and  family 
selection  methods  have  been  proposed  (Nieuwhof,  1959). 

In  progeny  testing  (line  breeding)  method,  the  individual  plant  progenies  are 
grown  in  rows  to  test  the  performance  and  breeding  behaviour.  The  superior 
pro'geny  lines  showing  similarity  are  composited  by  mix  pollination. 

Swarup  (1977)  highlighted  the  importance  of  family  breeding  method  in  cole 
crops.  This  method  consists  of  selection  of  desirable  plants  from  a  base  population, 
production  of  seeds  of  individual  selected  plants,  progeny  testing  and  development 
of  synthetic  varieties.  This  method  is  similar  to  line  breeding  except  that  more  than 
one  cycle  of  selections  are  made  in  family  breeding. 
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In  recurrent  selection,  a  single  cultivar  or  a  composite  population  is  improved 
for  yield  by  concentrating  on  additive  variance.  The  success  in  recurrent  selection 
depends  upon  the  base  population,  gene  frequency,  intensity  of  selection  and  inter¬ 
crossing.  Progeny  testing  and  recurrent  selections  are  based  on  the  progeny  test 
but  in  the  former  pollination  is  at  random  without  any  control  on  the  pollen  parent 
whereas  in  the  latter  strict  control  is  exercised  on  pollination:  Superior  plants  are 
selected  from  the  population  with  a  broad  genetic  base  at  heading  stage  and  all 
possible  inter-crosses  made  among  the  selected  plants  the  same  year,  because  in 
cabbage  the  attributes  can  be  judged  before  bolting  and  flowering  and  thus  The 
time  taken  for  individual  selection  cycle  is  reduced  to  half.  The  crossed  seeds  are 
sown  in  the  next  year  and  again  intermating  is  done  among  the  selected  plants. 
Every  year  one  cycle  of  intermating  is  completed.  One  or  more  recurrent  selection 
cycles  may  be  practised  to  get  the  desired  level  of  improvement.  The  yield  and 
quality  of  calabrese  was  improved  by  recurrent  selection. 

Reciprocal  recurrent  selection  is  used  in  two  source  populations  to  improve 
them  simultaneously  in  their  ability  to  combine  well  with  each  other.  The  two 
populations  A  and  B  are  selected  and  each  of  these  serves  as  tester  for  the  plants 
selected  from  the  other  population.  This  selection  scheme  selects  the  plants  for 
general  and  specific  combining  abilities.  The  resulting  two  populations  may  be 
intermated  to  produce  superior  populations  with  a  broad  genetic  base  or  the  inbreds 
may  be  isolated  from  the  populations  to  produce  single  or  double  cross  hybrids  or 
synthetics. 

Inbreeding  and  selection  has  been  used  in  cauliflower  for  the  improvement  of 
uniformity  and  vigour.  Although  it  induces  depression  in  vigour,  still  it  helps  to 
attain  uniformity  in  head  shape,  size,  maturity  and  other  characters  particularly  in 
heterozygous  populations.  The  inbred  lines  developed  by  inbreeding  can  be  utilized 
for  the  production  of  F]  hybrids  or  synthetic  varieties  or  in  intervarietal  crosses  for 
improvement. 

Hybridization 

Hybridization  refers  to  the  crossing  of  two  plants  or  varieties  of  dissimilar 
genotype  in  order  to  transfer  one  or  few  qualitative  characters,  improvement  of 
one  or  more  quantitative  characters  or  the  use  of  F]  as  a  hybrid  variety.  F2  or  later 
generation  of  intervarietal  crosses  may  be  utilized  for  recombination  breeding  for 
characters  involving  polygenic  control.  Transgressive  segregant  (plants  superior  to 
either  or  the  parents)  in  the  F2  generation  may  also  appear.  Biparental  progeny 
selection  in  the  elite  F2  generation  may  be  helpful  in  producing  desirable  gene  and 
improving  the  characters  showing  additive  variance. 

Heterosis  breeding 

In  cabbage,  cultivation  of  hybrid  varieties  is  becoming  very  popular  and  demand 
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for  open  pollinated  varieties  is  reducing  all  over  the  world.  Heterosis  breeding 
utilizes  mainly  the  dominance  variance.  Heterosis  has  been  found  pronounced  in 
cabbage  for  characters  like  earliness,  uniformity,  net  weight  of  head,  yield  per  unit 
area  besides  combining  resistance  to  biodc  and  abiotic  stress.  The  popularity  of  Ft 
hybrid  cultivars  in  cabbage  is  due  to  comparatively  easier  and  cheaper  method  of 
hybrid  seed  production  due  to  the  presence  of  genetic  mechanism  of  self¬ 
incompatibility.  In  Japan,  Europe  and  the  USA  the  preference  for  F,  hybrids  of 
cabbage  is  mainly  for  their  uniformity  of  harvest,  non-splitting  trait  and  resistance 
to  diseases.  In  India  development  of  hybrid  varieties  in  cabbage  is  still  far  behind 
as  the  improvement  work  is  restricted  to  temperate  regions  only.  Cabbage  requires 
specific  low  temperature  for  chilling  (4— 8°C  mean  temperature  for  40-60  days)  so 
that  plants  grow  to  reproductive  stage  of  flowering.  However,  at  IARI,  Regional 
Station,  Katrain  development  of  hybrid  varieties  is  in  progress. 

Breeding  for  resistance 

A  large  number  of  pests  and  diseases  affect  cabbage  cultivation  adversely.  Among 
these  downy  mildew  (Peronospora  parasitica),  diamond  back  moth  (Plutella  xylostella ) 
and  black  rot  disease  caused  by  XanthomonaS'xampestris  are  prominent.  There  is  a 
need  to  develop  heat-tolerant  cultivars  of  cabbage  possessing  resistance  to  major 

pests  and  diseases.  __ 

Back  cross  method  of  breeding  is  used  for  transferring  the  disease  resistance 
governed  by  one  or  two  genes  from  the  donor  parent  to  an  otherwise  desirable 
cultivar.  About  seven  generations  of  back  crossing  are  needed  to  transfer  a  dominant 
or  recessive  gene  from  the  donor  to  the  recurrent  parent  provided  the  character 
under  transfer  is  distinguishable  before  pollination.  A  detailed  breeding  programme 
has  been  given  by  Dickson  and  Wallace  (1990)  on  back  cross  breeding. 

The  polygenic  characters  with  moderate  to  high  heritability  can  also  be 
transferred  through  back  cross  method. 

Varieties  and  hybrids 

In  cabbage  most  of  the  varieties  initially  recommended  were  introduced  from 
abroad.  Some  of  these  varieties  such  as  Golden  Acre,  Pride  of  India  and  Copenhagen 
Market  are  still  popular  among  the  growers.  The  cabbage  cultivars  commonly  grown 
can  be  broadly  classified  into  three  groups,  namely  White  cabbage,  Red  cabbage 
and  Savoy  cabbage.  White  cabbage  is  grown  on  a  large  scale  while  Red  and  Savoy 
cabbage  are  not  of  much  importance  in  our  country. 

On  the  basis  of  shape  of  the  head,  white  cabbage  ls'pf  ,  three  types,  namely 
round,  conical  and  flat  (Drumhead).  Of  these,  round  types  are  grown  largely. 

The  cabbage  cultivars  can  also  be  divided  into  three  groups  on  the  basis  of 
maturity  of  heads  after  transplanting.  The  early  group  takes  55-70  days  and  the 
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Golden  Acre 


Pusa  Mukta 
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Pusa  Ageti 

late  group  matures  in  85—130  days  while  cultivars  maturing  in  between  fall  under 
mid-season  group.  The  important  varieties  grown  are: 

Golden  Acre:  It  is  a  selection  from  Copenhagen  Market.  It  forms  small  round 
compact  heads  of  average  weight  1-1. 5kg  with  few  outer  cup-shaped  leaves.  Matures 
in  60-75  days.  It  yields  about  20-40  tonnes/ha.  Recommended  and  released  by 
IARI,  Regional  Station,  Katrain. 

Pusa  Mukta:  It  is  an  early  variety  with  medium  sized  solid  flattish-round  heads. 
It  is  slightly  later  than  Golden  Acre  and  gives  higher  yield  (25-30  tonnes/ha).  It 
possesses  resistance  to  bacterial  disease  black  rot  (. Xanthomonas  campestns )  and  is 
suitable  for  areas  where  this/  disease  is  a  limiting  factor  in  cabbage  cultivation.  It 
has  been  developed  at  IARI,  Regional  Station, Katrain  through  inter- varietal 
hybridization  of  EC  24855  x  EC  10109. 

Pride  of  India :  It  is  also  a  selection  from  Copenhagen  Market.  It  has  small 
round  compact  heads  with  medium  sized  frame,  matures  in  about  70  days.  It  has 
been  recommended  by  UH&F,  Solan. 

Copenhagen  Market :  It  has  round  heads  which  are  bigger  than  Golden  Acre 
weighing  1.5-3. 0kg.  It  takes  75-85  days  for  head  formation.  It  is  popular  in  West 
Bengal  and  nearby  areas. 

Pusa  Drum  Head:  It  has  large  flattened  and  solid  heads.  Maturity  period  is  90 
days.  It  possesses  field  resistance  to  black  leg  caused  by  Phoma  lignum  and  has 
been  developed  by  IARI  Regional  Station,  Katrain. 
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September:  It  is  an  introduction  from  Germany.  It  has  large  frame  with  bluish- 
green  foliage.  Heads  are  very  compact,  large  oblong  weighing  4-6kg  each.  It  takes 
110  days  for  maturation.  It  has  good  staying  power.  It  is  popular  in  Nilgiri  hills.  Its 
yield  is  about  40-50  tonnes/ha. 

Late  Large  Drum  Head:  It  has  wide  frame  and  large  flat  heads  which  are 
somewhat  loose.  Maturity  period  is  115-120  days. 

Pusa  Ageti:  It  is  the  first  tropical  variety  developed  for  cultivation  under  high 
temperature  conditions.  It  can  grow  and  form  marketable  heads  at  a  temperature 
range  of  15°-30°C  but  the  day  temperature  should  not  exceed  35°C.  It  takes  about 
70-90  days  for  head  formation  after  transplanting.  It  has  grey-green  foliage  and 
flattish-round  compact  heads.  Head  weight  varies  from  600-1, 200g  yielding  11- 
33tonnes/ha  depending  upon  the  planting  time.  Another  advantage  is  that  its  seeds 
can  be  produced  under  sub-tropical  conditions  of  north-Indian  plains. 

Hybrid  cultivars 

With  the  realization  of  the  potentialities  of  hybrid  cultivars,  the  area  covered 
under  hybrid  varieties  in  developed  countries  has  increased  to  more  than  90% 
while  the  area  under  cabbage  hybrids  in  India  is  only  about  22.9%  of  the  total  area 
under  this  crop.  It  is  next  to  tomato  hybrids  that  cover  28.2%  area,  it  being  the 
highest  as  far  as  hybrid  cultivation  is  concerned.  The  entire  area  under  cabbage  in 
the  South,  parts  of  Maharashtra  and  West  Bengal  are  covered  by  heat-tolerant  Ft 
hybrids  which  are  imported.  In  the  import  of  these  F]  hybrid  cultivars  the  private 
sector  plays  a  dominant  role. 

A  synthetic  variety  of  cabbage  Pusa  Sambandh  developed  at  IARI,  Regional 
Station,  Katrain  has  round  compact  heads  with  narrow  frame  thus  suitable  for 
close  planting.  It  is  early  in  maturity  and  has  wider  adaptability. 

A  large  number  of  hybrids  have  been  imported  by  different  companies  in  the 
private  sector  and  some  of  these,  namely  BSS  32,  Nath  401  and  Sri  Ganesh  Gel 
have  been  identified  through  AICVIP.  Some  of  the  important  F,  hybrids  of  the 
private  sector  are  mentioned  below: 

BSS  50  ( Bajrang ):  This  is  from  Beejo  Sheetal  Seeds  Pvt.  Ltd.  It  is  early  in  maturity 
(65  days)  with  dark-green  smooth  and  highly  compact  heads  having  average  weight 
of  1kg.  It  can  tolerate  high  temperature  of  up  to  36°C  and  is  resistant  to  Fusanum 
wilt.  It  can  stay  in  the  field  for  45  days  after  maturity  without  splitting. 

BSS  32  ( Swarna ):  This  is  from  Beejo  Sheetal  Seeds  Pvt.  Ltd.  Heads  are  round 
with  average  weight  3kg.  It  matures  in  110  days. 

BSS  44:  This  hybrid  is  from  Beejo  Sheetal  Seeds  Pvt.  Ltd.  It  has  roundish  heads 
weighing  2.5kg  each.  It  matures  in  75  days  and  can  stay  for  20  days  in  the  field  after 
maturity.  It  is  suitable  for  growing  both  in  cold  and  hot  weather  and  is  also  resistant 
to  Fusarium  wilt. 
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BSS  115  ( SudhcL ):  This  is  also  from  Beejo  Sheetal  Seeds  Pvt.  Ltd.  Its  heads  are 
highly  compact  with  good  interior  structure  and  weigh  2-3kg  each.  It  takes  75 
days  for  maturity.  It  is  resistant  to  Fusarium  wilt.  It  can  be  grown  throughout  the 
year  where  temperature  does  not  fall  below  10°C. 

Sri  Ganesh  Gol:  This  is  from  Maharashtra  Hybrid  seeds  Co.  Ltd.  (MAHYCO). 
It  has  round,  compact,  attractive  and  bluish-green  heads  with  better  staying  power. 

It  takes  90-95  days  after  nursery  sowing. 

Nath  Laxmi  401:  This  is  from  Nath  Seeds  Ltd.  It  has  uniform  compact  heads 
with  better  shelf-life.  Its  yield  is  50-70  tonnes  per  hectare. 

A  number  of  other  hybrids  of  cabbage  are  also  marketed  by  different  seed 
companies  in  India.  These  hybrid  cultivars  are,  Bahar,  Pragati,  Unnati  (Pro  Agro), 
Kalyani,  Kranti,  Han  Ram  Gol  (Mahyco),  Hero,  Mitra,  Aditya  (Sungro);  Yamuna, 
Ganga,  Kaven  (IAHS),  Quisto  (Sandoz),  Margan,  Meenaxi  and  Kuwaxi  (Century); 
Vishesh  and  Uttam  (Hindustan  Lever);  H  30,  50,  10  and  20  (NSC);  Golden  Cross, 
KK  Cross,  KY  Cross,  OS  Cross,  Autumn  Queen,  Green  Ball,  Resistake,  Green 
Cornet  (Taku),  Green  Boy,  Green  Express,  Stone  Head,  Regalia  (Sakata),  Green 
Challenger  (Hungnong). 

Development  of  self-incompatible  and  cytoplasmic  male  sterile  (CMS)  lines 
and  their  utilization  in  developing  hybrids  is  underway  at  IARI,  Regional  Station, 
Katrain.  Two  self  incompatible  hybrids  H  44  and  H  113  and  one  hybrid  H  64 
developed  at  Katrain  by  using  CMS  system  are  under  testing  in  AICVIP  trials.  A 
few  other  hybrids  with  disease  resistance  are  also  showing  promising  results. 

Cabbage  tropical  lines,  namely  Sel  507—4,  Sel  528  and  Sel  507—22  with  acceptable 
head  quality  have  been  developed  at  Division  of  Vegetable  Crops,  IARI,  New 
Delhi  and  are  giving  good  seeds  under  Delhi  conditions  may  be  due  to  their  specific 
low  chilling  requirement. 

CROP  PRODUCTION 

Soil 

Cabbage  can  be  cultivated  on  almost  all  types  of  soils,  but  prefers  fertile  soil 
that  holds  moisture  but  still  drains  well.  For  an  early  crop  sandy  or  sandy-loam 
(tight)  soils  are  considered  best  but  for  a  late  crop  where  higher  yield  is  the  main 
consideration  clay  loam  or  silt  loam  (heavy)  soils  which  can  retain  moisture  are 
more  suitable.  Due  to  slow  growth  on  heavy  soils,  the  keeping  quality  of  heads  is 
improved  because  of  compactness.  Cabbage  does  not  grow  well  in  nighly  acidic 
soils.  The  optimum  pH  for  the  growth  of  cabbage  is  5.5— 6.5  since  phosphorus 
availability  is  more  in  this  range.  However,  adding  dolomite  time  not  only  pH  is 
adjusted  but  magnesium  is  added  to  the  soil,  a  nutrient  often  found  deficient  in 
cabbage. 
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Most  of  the  cabbage  types  are  moderately  tolerant  to  salt.  C-index  is  a  measure 
of  the  salt  content  and  it  represents  the  number  of  grammes  of  sodium  chloride 
(common  salt)  per  litre  of  soil-moisture.  For  Red  Cabbage  the  normal  limit  of  salt 
tolerance  is  C  4  whereas  for  white  and  savoy  cabbage  it  is  C  6.  At  C  8,  there  may  be 
reduction  of  40%  in  yield.  Plants  grown  in  saline  soils  are  more  susceptible  to 
diseases  like  black-leg. 

Climate 

Little  research  has  been  done  on  the  effects  of  temperature  on  the  growth  and 
development  of  heads  in  cabbage.  It  thrives  best  in  a  relatively  cool  and  moist 
climate.  Japanese  investigations  have  shown  that  15°-20°C  is  the  optimum 
temperature  range  for  growth  and  head  formation  in  cabbage.  At  temperature 
exceeding  25°C,  the  growth  is  checked.  The  minimum  temperature  for  growth  of 
cabbage  is  just  above  0°C.  It  is  more  hardy  than  cauliflower  and  can  withstand 
frost  and  extreme  cold  weather.  Winter  varieties  of  temperate  regions  can  tolerate 
short  spells  of  frost  but  when  the  temperatures  fall  below  10°C  for  some  time  the 
severity  of  frost  damage  will  be  more.  Cabbage  may  withstand  temperatures  of 
10°-40°C  for  a  few  days  only.  When  the  plants  are  half-grown,  they  can  withstand 
low  temperature  better  specially  when  the  temperature  falls  gradually.  The  young 
plants  can  grow  at  higher  temperature  followed  by  their  requirement  for  cool 
season  for  heading.  The  development  of  heat  tolerant  varieties  of  cabbage  in  Japan 
has  increased  the  potentiality  for  growing  these  varieties  under  wider  temperature 
range  and  formed  tight  heads  even  at  an  average  temperature  of  25°C.  The  imported 
hot  weather  hybrids  like  Green  Boy  and  Green  Express  form  compact  heads  under 
tropical  conditions  in  day  temperatures  of  30°-35°C  in  East,  South  and  western 
India. 

Cabbage  is,  typically,  a  biennial  which  makes  vegetative  growth  including  head 
formation  in  the  first  season  and  then  after  exposure  to  low  temperature  in  the 
winter  it  transforms  into  generative  (reproductive)  phase.  Therefore,  cabbage 
produces  seed  in  the  temperate  areas  only.  Until  or  unless,  low  temperature 
(chilling)  requirement  of  cabbage  is  fulfilled,  there  is  no  transition  from  vegetative 
to  reproductive  phase  and  will  not  produce  any  flowers.  Thus  production  of 
flowers  depends  on  the  temperature  and  not  on  the  day  length.  In  Dutch 
experiments  comprising  adult  plants  of  Brussels  sprouts,  flower  initiation  was 
noticed  after  four  weeks  at  7°C  and  after  five  weeks  at  4°C  and  10°C.  The  plants 
remained  vegetative  at  a  temperature  range  of  14°-23°C.  The  exposure  of  plants 
to  low  temperature  (4°-8°C  mean  temperature  for  40-60  days  after  attaining 
vegetative  phase)  for  longer  period  induces  them  to  bolt  sooner  and  produces 
abundant  flowers  compared  to  cold  treatment  for  shorter  periods.  The  intensity  of 
flowering  also  depends  on  the  age  of  the  plant.  Plants  of  3-5  month  age  get  easily 
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vernalized  and  induced  to  flower  stage  since  they  have  passed  the  juvenile  stage.  In 
tropical  and  subtropical  regions,  the  plants  remain  vegetative  in  the  absence  of 
cold  treatment.  At  Kalimpong  made  attempts  to  develop  cabbage  cultivars  having 
low  chilling  requirement  for  transition  from  vegetative  to  reproductive  phase  and 
developed  few  lines  of  annual  cabbage  with  low  chilling  requirement  for 
reproductive  phase. 

Season 

Cabbage  is  mainly  grown  as  a  winter  crop  from  October-January  in  the  plains 
and  foot  hill  zones  of  India.  In  traditional  cabbage  growing  areas  comprising 
southern,  south-eastern  and  western  parts  of  India,  the  winters  are  mild  and  the 
European  cultivars  do  not  form  compact’ heads  resulting  in  increased  percentage 
of  loose  heads.  This  accounts  for  one  of  the  reasons  for  low  average  farm  yield  in 
India.  However,  with  the  introduction  and  development  of  heat-tolerant  cultivars 
capable  of*  forming  compact  heads  under  mild  winter  conditions,  the  average  yield 
potential  may  be  improved  significantly.  Such  cultivars  would  make  it  possible  to 
grow  cabbage  in  areas  not  traditional  for  cabbage  and  also  extend  the  growing 
season  in  north  India.  Cultivars  like  K-K  cross,  K-Y  cross  and  many  others  from 
Japan  have  already  made  their  impact  in  tropical  and  subtropical  areas. 

In  higher  hills,  it  is  grown  in  cool  summer  and  rainy  seasons  for  supply  as  off¬ 
season  vegetable  to  the  plains.  Cabbage  can  be  grown  almost  throughout  the  year 
in  mid-hills  and  southern  hills  provided  suitable  cultivars  are  used  and  proper 
plant  protection  measures  are  followed.  Generally,  thick  and  waxy  leaved  varieties/ 
hybrids  are  suitable  for  high  temperature  and  adverse  climatic  conditions  than  less 
waxy  leaf  types. 

Cropping  system 

To  utilize  land  and  labour  efficiently  especially  in  a  Kitchen  and  Market  Garden, 
cabbage  can  be  grown  in  rotation,  succession  cropping  or  intercropping.  For  success 
in  these  cropping  patterns,  heavy  fertilization  and  good  cultural  practices  are 
required.  Any  kind  of  combination  can  be  worked  out  to  meet  the  needs  of  the 
individual  grower  and  the  market.  Any  plan  of  cropping  system  should  not  be 
made  permanent  but  it  should  be  flexible  depending  on  individual  or  market  needs, 
change  in  weather  conditions,  disease  and  pest  infestation.  Cabbage  can  be 
intercropped  with  lettuce  from  November-March  followed  by  cluster  bean  and 
french  bean  from  March-October  as  succession  crops  in  kitchen  gardens.  Cropping 
pattern  wherein  cabbage  (late)  can  be  intercropped  with  lettuce  (October-February) 
followed  by  Okra  (March-June)  and  radish  (July-September)  as  succession  crops 
or  cabbage  (early)  intercropped  with  knol  khol  (September-December)  followed 
by  bitter  gourd  (January-May)  and  Cowpea  (June-August)  as  succession  crops. 
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But,  while  doing  intercropping  care  should  be  taken  that  cabbage  crop  get  proper 
light,  moisture  and  be  weed  free,  otherwise,  lengthy  seedling  growth  may  not  be 
able  to  form  uniform  heads. 

Nursery  practices 

Cabbage  is  grown  from  seed.  The  seeds  are  sown  in  raised  nursery  beds  of 
3.0m  x  1.0m  x  0.15m  size.  Nursery  bed  management  is  the  most  important  aspect 
for  producing  sturdy  and  healthy  seedlings.  To  produce  cabbage  seedlings  for  one 
hectare,  about  ten  nursery  beds  of  above  size  are  needed. 

A  friable  and  rich  soil,  free  from  crusting,  diseases  and  weeds  exposed  to  morning 
and  evening  sun  should  be  selected  for  nursery  bed  which  should  be  prepared 
thoroughly.  The  seed  bed  may  be  disinfected  by  drenching/ sterilizing  the  soil  with 
0.3%  solution  of  Captan  or  Captaf  or  Thiram  @5  litres/m“  or  Formaldehyde  with 
1%  solution.  In  case  of  Formaldehyde  drench,  the  soil  is  covered  with  polyethylene 
sheet  for  36-48  hours  so  that  the  fumes  of  Formaldehyde  penetrate  the  soil  and 
kill  the  disease  organisms  and  soil-borne  insects  by  suffocation.  The  soil  must  be 
aerated  for  72-96  hours  to  remove  the  traces  of  Formaldehyde  before  sowing  the 
seed. 

Heavy  fertilization  of  nursery  bed  is  generally  not  required  and  should  be 
restricted  to  preferably  farmyard  manure  application  at  the  rate  of  20-25kg/bed. 
In  poor  soils,  phosphorus  and  potash  @15-20g  and  45-60g/bed  respectively  may 
be  added  to  the  soil.  In  the  nursery  nitrogen  should  be  used  very  judiciously 
otherwise  the  seedlings  will  become  lanky  due  to  over  application  of  nitrogen.  Use 
of  urea  may  be  avoided  and  calcium  ammonium  nitrate  may  be  given  if  required. 

For  rapid  and  optimum  germination  of  seed  good  moisture  is  essential.  The 
optimum  temperature  for  germination  is  15°-20°C.  Thatch  cover  of  dry  grass  on 
the  nursery  bed  is  necessary  to  avoid  the  seeds  being  washed  by  rain  or  during 
watering.  The  cover  is  removed  as  soon  as  the  emergence  of  seedlings  starts.  Care 
should  be  taken  to  control  the  diseases  particularly  the  damping  off  which  occurs 
before  and  after  emergence.  The  pre-emergence  damping  off  is  controlled  by  soil 
disinfection  or  treating  seeds  with  Apron  35  ws  @2g/kg  seed.  Whereas  post¬ 
emergence  damping  off  can  be  controlled  by  drenching  with  Captaf  or  Ridomil 
MZ  72.  Seedlings  should  be  spaced  properly  by  thinning  to  avoid  damping  off  and 
lanluness.  It  will  also  take  care  of  downy  mildew  at  this  stage. 

In  some  localities  in  northern  India,  sowing  of  seed  in  situ  is  practised  to  get  an 
early  crop.  Washing  of  seeds  by  heavy  rains  limit  the  applicability  of  this  method. 
But  in  many  foreign  countries,  the  in  situ  sowing  has  been  standardized  for  all  the 
cole  crops  with  the  help  of  nutrient  and  water  pelletted  absorbing  seed  and 
mechanical  sowing.  In  India,  in  situ  sown  crop  is  not  very  successful.  Besides,  in 
situ  sowing  with  pelletted  seeds,  a  different  system  of  sowing  in  Thermocole  plates 
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with  holes  is  commercially  followed  in  many  western  countries.  In  this  method 
each  seed  is  utilized  for  production  and  it  is  suitable  where  the  seed  especially  F] 
hybrid  is  costly.  These  are  commonly  called  speedlings. 

In  the  plains  of  India,  the  seedlings  in  the  nursery  beds  for  early  crops  require 
protection  from  rains.  This  can  be  done  by  making  plastic  tunnels  of  convenient 
size  (0.75-lm  wide)  by  using  Ultra  violet  stabilized  corrugated  or  plain  fibre 
reinforced  plastic  sheets  supported  by  metallic  frame.  In  the  hills,  the  seedlings  are 
best  grown  in  plastic  crates/wooden  boxes  with  slots  for  drainage  under  protection 
in  glass/polyhouses  or  poly  tunnels.  The  crates /bpxes  are  moved  outside  and  the 
seedlings  are  gradually  hardened  off  for  8-10  days  before  transplanting  in  the 
field.  - 

Seeds  and  sowing 

The  seed  rate  varies  from  375g/ha  (late  crop)  to  500g/ha  (early  crop).  To  control 
seed-borne  diseases  like  black  rot  (Xantbomonas  campestns )  and  black  leg  ( Phoma 
hgnam).  Hot  water  treatment  of  seed  at  50°C  for  30  minutes  is  beneficial.  The 
seed  is  sown  in  well  prepared  nursery  beds  (about  10/ha)  at  the  rate  of  37 — 50g  per 
nursery  bed  of  3.0m  x  1.0m  X  0.15m  size.  The  seed  should  not  be  sown  more  than 
1.5-2cm  deep  since  it  delays  germination.  The  quantity  of  seed  is  doubled  in  in  situ 
method  as  is  practised  in  some  parts  of  northern  India  to  get  an  early  crop. 

Due  to  varied  climatic  conditions  in  India,  the  sowing  time  also  varies.  In  the 
northern  plains,  August-September  for  early  crop  and  September-October  for 
late  crop  is  the  optimum  time  for  sowing  seed.  In  eastern  India,  sowing  is  done 
from  mid-  to  late  September.  In  the  hills,  cabbage  seed  is  sown  from  the  beginning 
of  March  to  the  end  of  June  for  fresh  vegetable  and  for  the  seed  crop  it  varies 
from  July  (late  cultivars)  to  August  (early  cultivars).  In  the  mid-hills  and  hills  of 
southern  India,  cabbage  can  be  grown  almost  throughout  the  year  by  selecting 
suitable  cultivars. 

Preparation  of  field 

The  field  for  cabbage  should  be  well  drained  and  prepared  thoroughly  by 
ploughing.  The  time  of  ploughing  is  determined  Dy  the  time  the  crop,  is  to  be 
transplanted,  but  when  ploughing  is  done,  care  should  be  exercised  not  to  plough 
the  land  when  it  is  too  wet,  otherwise  the  soil  will  bake  when  it  dries  out.  It  is  very 
difficult  to  put  in  good  condition  again.  On  the  other  hand,  heavy  soil  should  not 
be  allowed  to  get  too  dry  before  ploughing  as  it  will  break  up  in  hard  lumps. 

Ploughing  should  be  done  well  in  advance  to  ensure  good  tillage  and 
decomposition  of  weeds  for  proper  preparation  of  land  for  transplanting.  A  clod- 
free  soil  provides  a  good  growing  medium  for  the  developing  roots  and  soil-micro- 
organisms.  At  least  3-4  ploughings  are  needed  for  good  tilth  of  the  soil.  The  field 
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should  be  divided  into  beds  of  convenient  size  preferably  3m  x  3m  or  4m  x  4m 
beds  to  facilitate  irrigation  and  drainage. 

Transplanting 

The  well  hardened  seedlings  are  transplanted  (4—6  weeks-old  or  4-6  true-leaf 
stage)  in  a  well  prepared  field.  Hardening  enables  the  plants  to  withstand  the  shock 
of  transplanting  and  low  temperature.  Moistening  of  nursery  beds  before  lifting 
the  seedlings  makes  their  removal  easy  without  much  injury  to  the  root  system. 
Blind  seedlings  should  be  removed  and  only  strong  and  stocky  seedlings  are  used 
to  ensure  good  field  establishment  and  uniform  growth.  Seedlings  with  wire  stems 
should  be  removed.  Good  quality  seed  and  healthy  seedlings  will  not  produce  a 
satisfactory  crop  unless  the  transplanting  is  done  timely  and  in  a  right  manner. 
Proper  transplanting  is  the  key  for  cabbage  crop  success. 

Delay  in  transplanting  of  seedlings  of  Golden  Acre  variety  beyond  the  end  of 
October  resulted  in  the  reduction  in  number  of  marketable  heads  due  to  approaching 
warm  weather  in  western  India  and  cold  winter  in  northern  India  which  are 
responsible  for  poor  heading.  This  variety  performed  better  when  transplanted  in 
September  in  the  hills  of  Uttar  Pradesh  and  in  July  in  Kullu  Valley  of  Himachal 
Pradesh.  This  difference  in  transplanting  time  is  likely  to  be  due  to  difference  in 
altitude  and  the  prevailing  temperature  and  thus  the  time  of  transplanting  can  be 
adjusted  accordingly. 

Transplanting  is  done  on  flat  or  on  ridges.  In  areas  with  more  rains  during 
transplanting  time,  transplanting  on  ridges  is  useful  but  if  the  period  is  dry, 
transplanting  on  flat  is  equally  good.  Since  temperature  is  the  most  important 
factor  for  success  in  cabbage  growing,  the  choice  of  cultivar  and  time  of  sowing/ 
transplanting  should  be  considered  carefully.  Most  of  the  cabbage  growing  areas 
have  short  cooler  period  (mild  winter),  thus  all  the  cultivars  belonging  to  early, 
mid-season  or  late  group  may  not  perform  well.  In  such  areas,  tropical  cultivars 
early  cultivars  like  Golden  Acre,  Pusa  Mukta,  Copenhagen  Market,  Pride  of  India 
etc.  maturing  between  60-90  days  after  transplanting,  should  be  suitable  for  growing. 
However,  in  areas  in  southern  and  south-western  peninsular  region  where  the 
temperature  fluctuations  are  very  less,  the  heat-tolerant  cultivars  provide  the  answer 
for  repeated  sowing  and  continuous  harvest.  In  the  plains  and  hills  of  north  India, 
cultivars  of  all  maturity  groups,  may  be  grown  by  adjusting  the  time  of  sowing  and 
transplanting. 

Transplanting  is  done  preferably  on  a  cloudy  day  or  in  the  evening  by  tightly 
firming  the  soil  around  the  seedling  to  establish  a  close  contact  with  the  roots 
following  irrigation.  This  gives  the  plant  time  during  night  to  absorb  the  soil- 
moisture  and  recuperate  the  shock  of  transplanting. 

The  period  of  transplanting  of  cabbage  seedlings  for  seed  in  the  hills  is  adjusted 
in  such  a  way  that  the  heads  are  fully  mature  before  the  onset  of  snowfall. 
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Spacing 

The  spacing  in  the  field  depends  largely  on  the  variety.  The  early  cultivars  are 
transplanted  at  a  spacing  of  45cm  x  45cm  while  the  late  cultivars  are  spaced  at 
45cm  x  60cm  or  60cm  X  60cm.  For  getting  smaller  heads  in  round  and  early  types, 
the  spacing  of  45cm  x  30cm  or  30cm  x  30cm  are  also  practised.  In  Project 
Directorate  of  Vegetable  Research  (PDVR)  trials  in  Pusa  Drum  Head  at 
Bhubaneswar  and  Eclipse  Drum  Head  at  Jabalpur,  75cm  X  30cm  was  found  to  be 
the  best  spacing. 

Mulching 

Mulching  is  primarily  used  for  the  conservation  of  moisture  and  control  of 
weeds  but  certain  other  benefits  derived  from  mulching  are  addidon  of  organic 
matter,  especially  when  plant  materials  are  used  as  much,  helps  in  activating  micro¬ 
organisms  in  soil,  improvement  in  the  quality  of  vegetables  and  control  of  certain 
diseases  and  pests.  Leaves,  straw,  hay,  crop  wastes,  different  kind  of  paper  or 
polythene  may  be  used  as  mulch. 

Black  polythene  mulch  was  effective  in  controlling  weeds,  conserving  moisture, 
including  better  growth  and  higher  yield  of  cabbage.  Plastic  mulch  on  cabbage 
increased  the  soil-temperature  and  the  yield.  Mulching  of  cabbage  with  biomass, 
viz.  hay,  leaves,  coffee  husks  of  grass  reduce  day  temperatures  and  increase  the 
moisture  content.  Mulching  especially  with  coffee  husks  had  a  beneficial  effect  on 
growth  and  yield. 

Nutrient  requirement 

Cabbage  is  a  heavy  feeder  and  requires  adequate  manuring  for  profitable  yields. 
The  amount  of  fertilizers  used  varies  according  to  region  depending  on  the  soil 
and  the  climatic  conditions.  Different  workers  have  recommended  different  doses 
of  manures  and  fertilizers. 

Singh  (1964)  used  various  levels  of  nitrogen  and  phosphorus  in  Early  Drum 
Head  cultivar  in  Kashmir  and  found  a  definite  trend  of  increase  in  the  yield  of 
cabbage  heads  with  the  rise  of  nitrogen  levels  in  the  soil  from  0-168kg/hectare 
however,  a  level  of  168kg  phosphorus  (P205)  per  hectare  showed  a  slight  depressing 
effect  on  the  yield. 

Arora  (1966)  recommended  15-20  tonnes  farmyard  manure,  150kg  N  and  90kg 
P205  per  hectare  while  there  was  no  appreciable  response  to  application  of  potash. 
According  to  Choudhury  (1987),  50  tonne  yield  per  hectare  of  cabbage  removed 
220  kg  nitrogen,  100  kg  phosphorus  and  220  kg  potash. 

Chhonkar  and  Jha  (1963)  used  the  starter  solution  consisting  of  one  part  of 
urea,  one  part  of  potassium  sulphate  and  two  parts  of  superphosphate  (1.8kg  mixture 
dissolved  in  222  litres  of  water)  at  the  rate  of  2,325ml  per  plant  just  after  transplanting 
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and  repeated  it  after  15  days  and  this  was  found  to  increase  yield  and  earliness  in 
cabbage. 

Aggarwal  et  ]al.  (1972)  reported  highest  yield  of  cabbage  with  120kg  nitrogen 
per  hectare  with  different  levels  of  phosphorus  and  potash  in  different  regions  of 
Uttar  Pradesh,  namely  Kanpur  (120kg  N  +  60kg  P2O5  +  60kg  K20),  Hardoi  (120kg 
N  +  30kg  P2O5),  Lucknow  (120kg  N  +  30kg  P2O5  +  60  kgK20)  and  Bareilly 
(120kg  N  +  30kg  P205,  30kg  K20). 

Thakur  and  Gill  (1976)  reported  250kg  of  nitrogen,  125kg  of  phosphorus  and 
100kg  of  potash  to  be  the  optimum  dose  for  maximum  seed  production  in  cabbage 
variety  Golden  Acre. 

Verma  et  al.  (1997)  reported  that  combination  of  60kg  nitrogen  per  hectare  and 
50kg/ha  of  biofertilizer  Azotobacter  was  helpful  in  increasing  the  vegetable  and 
seed  yield  of  cabbage  cultivar  Golden  Acre.  With  increasing  awareness  of  using 
only  organic  manures,  work  is  in  progress  for  using  different  composts  and 
biofertilizers  in  western  countries  and  the  product  gives  good  price  for  the  produce. 
In  PDVR  trials  in  Pusa  Drum  Head  at  Bhubaneswar  and  Eclipse  Drum  Head  at 
Jabalpur,  NPK  150  :  80  :  75kg/ha  was  found  to  be  the  best  fertilizer  treatment. 
Urea  1-2%  as  foliar  spray  also  helps  to  push  up  the  growth  of  cabbage. 

Prakash  and  Bhardwaj  (1965)  reported  that  cabbage  seedlings  receiving  two 
sprays  of  20mg/litre  solution  of  molybdenum  four  or  five  weeks  after  transplanting 
enhanced  maturity  by  ten  days  over  control  with  appreciable  increase  in  weight 
and  volume  of  head  and  in  the  weight  and  number  of  outer  leaves. 

Nutrient  management 

Besides  quantities  of  manures  and  fertilizers  the  method  and  time  of  application 
influence  the  response  of  cabbage  to  different  doses  of  nutrients.  A  good 
management  of  nutrients  supply  under  varied  soil  and  climatic  conditions  helps  to 
increase  their  efficiency  of  utilization  with  higher  yields. 

The  farmyard  manure  is  added  to  the  soil  4—6  weeks  before  transplanting  so 
that  the  period  of  rapid  release  of  nutrients  from  the  manure  coincides  with  the 
period  of  rapid  growth  of  the  crop.  The  full  doses  of  phosphorus  and  potash,  and 
one  third  dose  of  nitrogen  should  be  broadcasted  and  mixed  thoroughly  with  the 
soil  at  the  time  of  transplanting.  The  remaining  quantity  of  nitrogen  is  split  into 
two  halves  and  applied  by  side  dressings  after  one  month  of  transplanting  and  at 
the  initiation  of  heading  stage.  Since  the  root  system  of  cabbage  is  dense  and 
shallow,  it  efficiently  utilizes  broadcast  application  of  fertilizers.  Placement  of 
fertilizer  in  bands  5-1 0cm  from  the  young  plants  gives  best  results.  While  applying 
fertilizer  as  top  dressing  care  may  be  taken  that  the  fertilizer  is  placed  about  3-5cm 
away  from  the  main  stem.  Fertilizer  if  applied  very  close  to  the  plant  may  be 
detrimental. 
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Management  of  water 

Cabbage  requires  a  continuous  supply  of  moisture  for  uniform  growth  and 
development  of  heads.  The  optimum  growth  of  cabbage  occurred  at  moisture 
content  of  the  soil  varying  from  60-100%  of  field  capacity  with  an  average  of 
80%.  Irrigation  should  be  given  when  the  moisture  content  of  the  soil  had  dropped 
below  50%  of  field  capacity  (Nieuwhof,  1969). 

Irrigation  trials  in  cultivar  Pride  of  India  under  PDVR  of  Sabour  showed  that 
the  best  ratio  of  irrigation  water  to  open  pan  evaporation  was  3:1. 

First  irrigation  is  given  immediately  after  transplanting  as  it  is  rightly  said, 
“Whether  the  weather  dry  or  wet  always  water  when  you  set.”  Thereafter  watering 
is  done  depending  on  the  soil  type  and  weather  conditions.  Light  soils  require 
irrigation  sooner  than  heavy  soils.  During  dry  weather  conditions,  the  frequency 
of  irrigation  is  more.  At  the  time  of  maturity  of  heads  irrigation  especially  after  a 
dry  spell  may  cause  bursting  of  heads.  Excessive  and  frequent  irrigations  have  an 
adverse  effect  on  growth  and  yield.  During  head-initiation  and  development  stages, 
proper  moisture  level  in  the  soil  should  be  maintained. 

Management  of  weeds 

In  cabbage,  intercultural  operations  are  necessary  to  check  weed  growth  and  to 
conserve  moisture  by  the  formation  of  a  soil  mulch.  Removal  of  weeds  eliminates 
competition  for  moisture,  nutrients,  light  and  air.  Weeds  can  be  controlled  either 
manually  or  by  the  use  of  herbicides  or  a  blend  of  both.  Due  to  shallow  root 
system  of  cabbage,  deep  hoeing  should  always  be  avoided.  Major  portion  of  root 
system  of  cabbage  lies  within  5  cm  of  the  surface  of  soil  by  making  a  horizontal 
growth.  Thus  deep  cultivation  does  more  harm  than  good  to  the  feeder  roots.  Use 
of  black  polythene  mulch  was  effective  in  controlling  weeds,  conserving  moisture 
and  increasing  yield  of  cabbage. 

Chemical  weed  control  is  economic  because  it  saves  time  and  labour.  Since  the 
root  system  is  not  disturbed  in  chemical  weed  control,  many  workers  have  tried  to 
find  the  suitability  of  different  herbicides  in  cabbage.  Pre-plant  application  of 
Trifluralin  at  the  rate  of  0.5  litre/ha  or  Basalin  at  the  rate  of  0.5  litre/ha  gave 
excellent  control  of  monocot  as  well  as  dicot  weeds  with  higher  yield.  Vozyakov 
and  Davy-dov  (1986)  reported  the  effectiveness  of  Stomp  (2kg  ai./ha)  in  controlling 
weeds  and  increasing  the  yield  of  white  cabbage.  Pre-plant  application  of  Stomp 
30  EC  (1kg  a.i./ha)  followed  by  first  hoeing/weeding  at  the  critical  crop  weed 
competition  period  35-40  days  after  planting  and  second  light  hoeing/weeding  60 
days  after  planting  is  effective  in  controlling  most  annual  grasses  and  broad  leaved 
weeds  except  Cyperus  rotundus  and  Cynodon  dactylon. 

Use  of  growth  regulators 

In  cabbage  var.  Golden  Acre,  vegetable  yield  was  increased  by  soaking  of  seeds 
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in  0.1%  boric  acid  before  sowing  whereas  spraying  50ppm  boric  acid  at  flowering 
enhanced  the  seed  yield.  GA3  (100-1 ,000ppm)  spray  resulted  in  better  development 
of  seed.  A  spray  of  CCC  or  SADH  (2,500-5,000ppm)  increased  the  low  temperature 
resistance  in  cabbage. 

Protected  cultivation 

The  cultivation  of  cabbage  in  India  under  protection  has  not  been  practised 
due  to  varied  agroclimatic  conditions  and  better  transport  facilities  in  the  country 
where  cabbage  can  be  grown  throughout  the  year  in  one  part  or  the  other.  The 
growing  of  cabbage  in  greenhouses  may  not  be  profitable  due  to  high-cost  involved 
on  infrastructure  and  production. 

Protective  structures,  however  are  utilized  for  raising  seedlings  of  cabbage  in 
the  hills  during  February-March  for  growing  as  off-season  crop  during  summer. 
The  seedlings  of  early  crop  of  cabbage  in  the  plains  need  protection  from  rains.  In 
heavy  snow  bound  areas  like  Kinnaur  (Himachal  Pradesh)  cabbage  seed  production 
is  done  partly  under  protection  because  the  heads  with  roots  intact  are  stored 
during  winter  in  trenches  or  cellars  before  being  replanted  in  the  field  in  April— 
May  with  the  melting  of  snow.  Vernalization  of  heads  takes  place  in  these  storages. 

Maintenance  of  self-incompatible  lines  of  cabbage  is  done  by  breaking  the  self¬ 
incompatibility  temporarily  by  the  use  of  2-5%  carbondioxide  gas  in  the 
greenhouses. 

Maturity  standards  and  harvesting 

As  a  general  rule,  cabbage  becomes  ready  for  harvesting  when  the  heads  are 
firm  but  tender.  However,  it  can  be  done  earlier  in  early  winter  cultivars  like  Golden 
Acre  and  Pride  of  India  when  the  market  prices  are  high.  Delay  in  harvesting 
results  in  cracking  and  rotting  of  heads.  Cracking  can  also  occur  either  due  to 
watering  or  rain  after  a  dry  spell  if  the  heads  are  fully  matured. 

For  harvesting,  theyplant  is  tilted  by  holding  the  head  in  one  hand  so  that  the 
head  can  be  cut  with  some  wrapper  leaves  which  give  protection  to  the  head  from 
bruising  injury.  The  heads  after  harvesting  should  not  be  directly  kept  on  the  soil 
which  otherwise  gives  bad  look  to  the  heads. 

Some  farmers  also  adopt  ratoomng  system  of  head  production  where  chilling 
requirement  is  not  fulfilled  and  axillary  buds  produce  small  mini  compact  heads 
numbering  4—12  per  stump. 

PLANT  PROTECTION 

Diseases 

Damping  off:  It  is  a  common  problem  of  nursery  beds  caused  by  the  fungus  of 
genus  Pytbium. 


118 


COLE  CROPS 


Control:  Drenching  of  nursery  beds  a  fortnight  prior  to  sowing  with  25-30ml/ 
litre  Formaldehyde  and  covering  the  nursery  for  about  56  hrs  or  drenching  with 
Captan  @2-3g/litre  of  water  @5  litre/meter  area.  Drenching  again  of  seedlings 
with  Captan  and  seed  treatment  with  Apron  35  @  2g/kg  of  seed. 

Downy  mildew:  Causes  serious  damage  to  this  plant  at  every  stage  of 
development  caused  by  Peronospora  parasitica. 

Control:  Spray  of  Ridomil  MZ  72  @0.5g/litr e  of  water  at  10-15  days  interval 
or  spraying  with  Dithane  M  45  @  1.5-2g/litre  of  water. 

Alternaria:  One  of  the  limiting  factors  for  the  crop  planted  for  seed  producdon 
caused  by  Alternaria  sps. 

Control:  Foliar  spray  of  Dithane  M  45,  Difolatan  80  or  Daconil  (Kavach)  @1.5- 
2g/litre  are  advocated. 

Rhizoctonia:  This  is  a  common  disease  with  a  range  of  names,  i.e.  damping  off, 
wire  stem,  bottom  rot,  head  rot  or  crown  rot  etc.  caused  by  Rhizoctonia  solani. 

Control:  Use  of  resistant  varieties,  seed  treatment  with  Trichoderma  and  soil 
mix  of  fungicides  benodamil  have  been  reported. 

Sclerotinia:  The  disease  is  commonly  known  as  white  rot  caused  by  Sclerotima 
sclerotiorum.  It  is  most  serious  in  the  seed  crop  in  hills. 

Control:  Four  to  five  foliar  sprays  of  0.05%  Bavistin  and  0.2%  Dithane  M  45 
followed  by  0.2%  Dithane  M  45  at  an  interval  of  10-15  days  during  pre-bolting  to 
seed  crop  maturity. 

Black  rot:  Symptoms  are  yellowing  of  the  affected  leaves  followed  by  blackening 
of  the  veins  caused  by  Xanthomonas  campestris.  Young  plants  if  infected  show 
stunted  growth  to  complete  withering. 

Control:  Being  seed-borne  can  be  controlled  by  hot  water  treatment  of  seeds  at 
50°C±  2°C  for  30  minutes.  In  the  field  spraying  of  Streptocycline  at  100-200ppm 
has  been  reported  effective.  Use  resistant  varieties  viz.  Pusa  Mukta. 

Soft  rot:  It  is  incited  by  Erwinia  carotovora  and  is  one  of  the  most  destructive 
diseases  of  storage,  transit  and  in  field.  In  the  field  it  occurs  only  following  black 
rot  or  after  mechanical  injury  in  nearly  mature  cabbage  heads. 

Control:  Disposal  of  heads  where  black  rot  occurs,  allowing  heads  to  dry 
sufficiently  before  storing  on  packing,  avoiding  bruising  in  transit.  Spraying  100— 
200ppm  Streptocycline  or  Plantomycin  combined  with  Copper  oxychloride  (0.3%) 
at  15  days  interval  is  effective. 

Insects 

Cabbage  butterfly:  The  caterpillar  ( Pieris  brasicae)  eat  up  leaves  from  the  margins 
onwards  leaving  primary  veins  intact  and  also  damage  seed  crop  to  a  great  extent. 

Diamond  backmotb:  The  caterpillar  (Plutella  xylostella)  damages  leaves  on  the 
head  and  early  growing  heart.  Even  damages  growing  tips. 
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Tobacco  caterpillar :  The  caterpillars  ( Spodoptera  litura )  cause  damage  by  biting 
round  holes  into  the  leaves  as  they  damage  towards  inner  core  of  the  head.  They 
form  characteristic  half-loop  while  walking. 

Aphids :  Causes  severe  damage  to  seedlings  and  at  head  formation  to  seed  setting 
stage.  Important  aphids  are  Brevicoryne  brassicae  and  Myzus  persicae,  sucks  the  sap 
of  leaves,  stems,  flower  and  pods  of  the  seed  crop. 

Control:  Spray  0.20%  malathion  or  thiodon  at  an  interval  of  10-15  days  against 
cabbage  butterfly  diamond  back  moth,  tobaco  caterpillar  and  aphids  as  and  when 
the  infestation  occurs.  Spray  of  0.1%  Pyrethrins  instead  of  Malathion  when  the 
cabbage  heads  are  formed. 

Pre-  and  post-harvest  handling 

In  cabbage  pre-and  post-harvest  losses  caused  by  different  factors  like  mechanical 
(bruising  or  cracking  injury),  physiobiochemical  (losses  due  to  transpiration  and 
respiration)  and  microbial  (losses  due  to  bacterial  and  fungi  in  storage  and 
transportation)  reduce  the  yield  and  shelf-life.  In  developing  countries,  losses  due 
to  different  factors  may  be  37%  (Anon,  1976). 

Proper  handling  of  cabbage  by  cultural  operations  and  treatments  before  harvest 
may  prevent  huge  losses.  Excessive  application  of  nitrogen  makes  the  heads  looser, 
reduces  colour  intensity-  of  Red  cabbage  and  also  affects  the  keeping  quality  in 
storage.  During  heading  stage  soil  should  be  kept  moist  otherwise  heavy  irrigation 
especially  after  a  drought  causes  the  heads  to  crack.  These  heads  are  more  prone 
to  infection  by  the  decay  causing  organisms.  To  avoid  human  health  hazards,  the 
duration  between  spraying  and  harvesting  should  be  more  than  15  days. 

The  post-harvest  handling  of  cabbage  includes  trimming  of  diseased,  damaged, 
rotten  and  discoloured  leaves,  avoiding  direct  contact  of  heads  with  the  soil  or 
exposure  to  direct  sunlight,  grading  to  have  uniform  produce,  proper  packing  in 
suitable  containers  to  avoid  bruising  injury  in  transportation,  storage  under 
optimum  conditions,  sprinkling  of  water  over  the  heads  to  maintain  turgidity  and 
freshness  should  be  practised. 

Grading 

For  uniformity  of  the  product,  grading  of  cabbage  should  be  done  on  the  basis 
of  size  and  firmness  as  per  standards  laid  down  by  Indian  Standards  Institution 
because  it  affects  the  price  of  the  product  in  the  market.  For  both  fresh  and  stored 
cabbage,  there  are  grades  of  different  types.  Owing  to  higher  prices  and  small 
family  norms,  the  demand  of  the  market  is  preferably  for  a  head  of  small  to  medium 
size  around  1  kg  net  weight.  Before  grading,  the  heads  are  uniformly  trimmed  to 
the  same  number  of  wrapper  leaves. 
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Packing  and  packaging  materials 

In  India,  cabbage  heads  are  sent  to  the  market  in  loose  condition  in  trucks  or  in 
sacks.  But  transportation  of  early  cultivars  either  loose  or  in  sacks  damages  the 
heads  due  to  their  succulence  and  looseness.  After  trimming  of  wrapper  leaves  and 
grading,  the  heads  are  packed  according  to  their  size.  To  prevent  damage  to  the 
heads,  crates  are  becoming  popular. 

Storage 

In  storage  of  cabbage,  the  main  idea  is  to  increase  its  shelf-life  and  reduce  post¬ 
harvest  losses  by  checking  metabolic  activities  of  degradation  and  microbial 
infestation.  For  storage  of  cabbage  the  essential  requirement  is  the  compact  heads, 
free  from  diseases  and  cracking.  Since  cabbage  does  not  freeze  at  0°C,  room 
temperature  is  safe  to  maintain  that  temperature.  The  early  cabbage  varieties  can 
be  stored  at  a  temperature  of  0°— 1.7°C  at  92—95%  relative  humidity  for  four  to  six 
weeks  while  the  late  cabbage  can  store  up  to  twelve  weeks  at  the  same  temperature 
and  relative  humidity  due  to  firmness  of  heads. 

Low-cost  store  (also  known  as  brick  and  sand  store)  can  be  constructed  for 
storing  fruits  and  vegetables  at  the  farm  level  especially  during  hot  and  dry  season 
since  it  is  based  on  the  principle  of  evaporative  cooling. 

This  store  consists  of  double  walls  and  is  rectangular  in  shape.  The  size  may 
vary  according  to  requirement.  The  walls  are  made  from  bricks,  sand  and  cement. 
The  spacing  between  walls  is  7.6cm  and  this  space  is  filled  with  sand.  The  floor  of 
the  store  is  also  made  of  15cm  thick  layer  of  sand.  The  top  of  the  store  is  covered 
with  a  frame  of  wooden  planks  or  mesh  wire,  bamboo  sticks  with  wet  jute  bags 
placed  over.  The  sand  between  the  walls  and  at  the  floor  is  kept  moist  by  sprinkling 
water  2-3  times  a  day.  In  very  hot  days  the  temperature  inside  the  store  remains 
10-15°C  lower  than  that  outside  with  relative  humidity  of  95%.  A  store  of  size 
1.89m  length,  1.28m  width  and  0.56m  height  has  a  storage  capacity  of  30-40kg. 

Marketing 

Cabbage  is  disposed  of  by  the  producers  either  at  retail  or  at  wholesale  oudets. 
On  a  small  scale  selling  at  retail  shops  is  generally  practised.  But,  in  case  of  cultivation 
of  cabbage  for  market  gardening,  the  producer  himself  sells  his  produce  at  wholesale 
to  retail  shopkeepers  in  the  local  markets  of  adjoining  cities  and  gets  good  returns 
for  his  produce  due  to  the  absence  of  middlemen.  However,  in  truck  gardening 
the  produce  is  carried  from  surplus  areas  to  markets  in  deficit  areas  for  disposal 
generally  by  the  middlemen  who  deprive  the  producers  of  their  due  share  in  the 
income.  The  off  season  cabbage  produced  in  the  hills  is  sold  by  the  growers  in  the 
local  markets  to  the  wholesale  dealers  who  further  supply  it  to  distant  markets  in 
thg  plains. 
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In  the  hills  the  off-season  cabbage  is  also  disposed  of  by  the  growers  through 
Growers’  Cooperative  Societies  which  supply  the  produce  further  to  wholesale 
merchants  or  commission  agents  or  contractors  who  in  turn  sell  it  to  the  /retailers. 
The  produce  is  finally  sold  at  these  retail  oudets  to  the  consumers. 

Value  added  products 

Cabbage  is  processed  into  different  products  in  other  countries  but  the  use  of 
its  processed  products  still  has  to  be  populated  in  India.  Cabbage  is  processed 
into  different  products. 

Sauerkraut :  Sauerkraut  is  an  ancient  preparation  from  cabbage  and  it  was  popular 
with  seamen  who  used  it  as  a  remedy  for  scurvy.  Storage  varieties  of  white  cabbage 
with  compact  heads,  fine  leaves  with  thin  veins  are  preferred  for  sauerkraut  making. 

Sauerkraut  is  like  a  fermented  pickle  prepared  by  using  salt.  Under  anaerobic 
conditions  the  sugars  of  cabbage  are  decomposed  by  the  activity  of  lactic  acid 
bacteria  into  lactic  acid  which  reduces  the  pH  to  4.0.  At  this  low  pH  all  the  living 
microbes  are  killed  and  the  product  is  air-tight  sealed  to  prevent  further  deterioration. 

Drying:  The  shredded  cabbage  after  blenching  with  steam  or  boiled  water  is 
dried  either  by  freeze  drying  or  hot-air  drying. 

Pickling :  Red  cabbage  is  used  for  pickle  which  is  prepared  by  placing  shredded 
head  in  brine  (25%)  for  one  night  after  which  the  brine  is  replaced  with  vinegar 
and  packed  into  glass  jars. 

Canning :  Blanched  cabbage  shreds  are  canned  in  1%  salt  solution  as  covenng 
liquid. 

Cole  slaw:  Cabbage  after  shredding  in  small  pieces  or  grated  is  mixed  with 
different  vegetable  oils  or  vinegars,  spices  and  creams,  is  eaten  as  salad  after 
refrigeration.  But  it  can  not  be  stored  for  a  longer  period. 

Brussels  Sprouts,  Sprouting  Broccoli  and  Knol  khol 

S  R  Sharma  and  Ram  Singh 

Brussels  sprouts,  sprouting  broccoli,  knol  khol  and  kales  are  members  of  cole 
group  which  have  originated  from  a  common  ancestor,  the  wild  cabbage,  Brassica 
oleracea  var.  sylvestris.  These  vegetables  are  less  popular  and  considered  as  minor 
vegetable  crops.  Except  tropical  cauliflower,  all  crops  belonging  to  cole  group 
prefer  cool  climate  and  are  grown  as  winter  vegetables.  Knol  khol  is  quite  popular 
and  already  in  cultivation  in  selected  pockets  of  north,  south  and  central  India. 
The  cultivation  of  sprouting  broccoli  has  become  increasingly  popular  with  Indian 
growers  for  the  last  couple  of  years  obviously  due  to  the  awareness  of  its  higher 
nutritive  values  and  tourist  influx.  Brussels  sprouts  has  yet  to  gain  popularity  with 
the  Indian  growers  and  consumers.  However,  it  is  being  grown  around  big  cities. 
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In  general,  these  crops  are  rich  source  of  vitamin  A,  C  and  B.  They  contain  miner¬ 
als  like  P,  K,  Ca,  Na,  Fe  and  other  nutrients  (Table  1  and  2).  In  addition,  they  have 
certain  anticarcinogenic  properties.  Anticarcinogenic  effects  of  these  crops  are 
attributed  to  the  hydrolysed  glucosinolate  derived  products  such  as  isothiocynates 
and  indoles.  However,  excessive  use  of  cole  crops  results  in  swelling  of  thyroid 
glands,  a  disease  known  as  goitre  in  human  beings  and  other  animals.  Goitrin, 
thiocynates,  isothiocynates  and  glucosinolates  derived  products  interfere  with  the 
functioning  of  thyroid  glands  causing  the  disease. 

Table  1 .  Vitamin  and  mineral  content  of  cole  crops _ 

Vegetables  Vitamin  Mineral  content  (mena  values) 

(values  per  lOOg  of 
edible  portion) 


International  units  Moisture  free  basis 


(mg) 

Percentage 

Parts  per  million 

A 

B 

C 

Ca 

P 

K 

S  Fe 

1  Cu 

Knol  khol 

20 

10 

50 

1.95 

0.60 

3.7 

185 

15 

Brussels 

640 

57 

185 

0.18 

0.80 

- 

1.00  193 

0.062  8 

Sprouts 

Sprouting 

9000 

33 

137 

1.29 

0.79 

3.5 

1.26  205 

1.965  24 

Broccoli 

(Brown  and  Hutchison,  1949). 

Table  2. 

Proximate  composition  of  edible  portion  of  cole  crops 

Vegetables 

Percentage  by  weight 

Calories/1  OOg 

Protein 

Total  carbohydrated 

Fat 

Water 

Knol  khol 

2.1 

6.7 

0.1 

90.1 

36 

Brussels.  Sprouts 

4.4 

8.9 

0.5 

84.9 

58 

Sprouting  Broccoli 

3.3 

5.5 

0.2 

89.9 

37 

(Brown  and  Hutchison,  1949). 


Origin 

The  place  of  origin  of  cole  crops  is  coastal  areas  of  Mediterranean  sea  from 
where  these  crops  spread  to  Europe  and  other  parts  of  the  world.  Introgression 
among  different  types,  mutation  and  selection  have  played  major  role  in  the  evolu¬ 
tion  of  present  day  forms.  Knol  khol  was  in  cultivation  much  before  it  was  known 
to  the  Romans  and  perhaps  was  in  cultivation  as  early  as  600  BC.  Cultivation  of 
broccoli  and  Brussels  sprouts  started  only  in  the  beginning  of  19th  century. 
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Taxonomy 

Cole  crops  belong  to  the  family  Cruciferae,  genus  Brassica  under  order 
Papaverales.  The  genus  Brassica  has  about  100  species.  Linnaeus  (1753)  included  all 
the  forms  of  cole  group  in  one  species  oleracea.  Efforts  made  by  Barley  (1922  and 
1930),  Yarnell  (1956),  Helm  (1963),  Nieuwhof  (1969)  and  others  resulted  in  putting 
them  in  different  forms,  i.e.  Brussels  sprouts  ( Brassica  oleracea  L.  var.  gemmifera  D. 
C),  Sprouting  broccoli  {Brassica  oleracea  L.  var.  italica  Plenck),  knol  khol  {Brassica 
oleracea  L.  var.  gongy  lodes  L.),  cabbage  {Brassica  oleracea  L.  var.  capitata  L.),  cauli¬ 
flower  {Brassica  oleracea  L.  var.  botrytis  L.),  kale,  collard  or  tree  kale  {Brassica  oleracea 
L.  var.  acephala  D.  C.),  kitchen  kale  {Brassica  oleracea  L.  var.  fimbriata),  marrow 
stem  kale  {Brassica  oleracea  L.  var.  acephala  D.  C.  sub  var.  medullosa  Thell)  and 
thousand  head  kale  {Brassica  oleracea  L.  var.  acephala  D.  C.  sub  var.  mellicapitata 
(Lev)  Thell)  Syn.  {Brassica  oleracea  L.  var.  frmticosa). 

The  basic  chromosome  number  is  9  (2n=18).  Chromosome  morphology  of  all 
the  cole  crops  is  same.  The  species  B.  oleracea  is  a  triple  tetrasomic  with  6  basic 
genomes  and  genomic  formulae  is  AABBCCDEE 

The  inflorescence  in  broccoli  is  cymose  while  in  brussels  sprouts  and  knol  khol 
it  is  racemose.  The  flowers  have  four  sepals,  four  petals  standing  opposite  to  each 
other,  two  short  and  four  long  stamens  and  a  superior  ovary  having  two  carpels. 
Broccoli  generally  have  smaller  sized  flower  than  Brussels  sprouts,  knol  khol  and 
cabbage.  Petal  colour  is  cream-yellow  to  yellow.  Two  functional  nectaries  are  situ¬ 
ated  between  the  bases  of  two  short  stamens  and  ovary.  A  protogynous  flower,  in 
which  stigma  remains  receptive  3-5  days  before  and  4  days  after  anthesis.  Ideal 
temperature  for  fertilization  is  between  12°-18°C  and  pollination  to  fertilization 
period  is  24-48  hours.  All  these  crops  are  highly  cross  pollinated  in  nature  and 
cross  pollination  upto  95%  in  broccoli,  91%  in  knol  khol  and  72%  in  Brussels 
sprouts  is  reported.  Main  pollinating  agents  are  honey  bees  and  flies. 

Male  sterility 

Male  sterility  is  characterised  by  the  absence  of  functional  pollen  grains  (male 
gametes)  but  female  gametes  are  normal  and  functional. 

Genic  male  sterility 

Genic  male  sterility  has  been  reported  in  calabrese  and  purple  heading  broccoli 
by  Cole  (1959)  and  Brocher  (1966)  and  in  brussels  sprouts  by  Johnson  (1958). 
Genetic  male  sterility  is  governed  by  recessive  male  sterility  gene  (ms)  mutated 
from  male  fertile  gene  (ms).  In  broccoli,  several  male  sterile  genes  msl,  ms2,  ms4, 
ms5  and  ms6  have  been  identified,  which  are  not  allelic. 

Cytoplasmic  male  sterility 

Cytoplasmic  male  sterility  has  not  been  found  apparently  in  B.  oleracea.  It  was 
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transferred  into  B.  oleracea  from  B.  nigra  by  Pearson  through  repeated  back  crosses 
and  embryo  rescue  technique.  Later  on  it  was  also  transferred  from  Japanese  rad¬ 
ish  Ogura  type  to  B.  oleracea  through  back  crosses,  embryo  rescue  technique  and 
protoplast  fusion.  Both  genetic  and  cytoplasmic  male  sterility  system  can  be  used 
in  the  development  of  F!  hybrid  cultivars. 

Self-incompatibility 

Self-incompatibility  is  a  genetically  controlled  physiological  hindrance  to  sel 
fertilization.  There  are  two  types  of  incompatibility,  gametophytic  and  sporophytic. 
The  pollen  pistil  interaction  in  the  former  type  is  genetically  controlled  by  haploid 
genome  of  each  pollen  grain  and  diploid  genome  of  pistil  tissue.  In  later  type,  it  is 
controlled  by  the  genome  of  somatic  tissue  (sporophytic),  in  which  pollen  grain  is 
formed.  Broccoli,  Brussels  sprouts  and  knol  khol  have  sporophytic  self-incompat¬ 
ibility  system  controlled  by  single  gene  with  multiple  alleles  known  as  ‘S’  alleles. 
Fifty  to  seventy  alleles  are  found  in  Brassica  oleracea.  Self  incompatibility  in  these 
crops  can  be  studied  by  counting  seed  set  a  fews  weeks  after  self  pollination  or  by 
counting  pollen  tube  in  the  style  after  24  hours  of  pollination.  The  latter  involves 
macerating  style  with  sodium  hydroxide,  staining  with  aniline  blue  and  observing 

pollen  tubes  with  a  fluorescence  microscope. 

Some  inbred  lines  may  have  weak  whereas  others  may  have  strong  level  of  self- 
incompatibility.  So  a  line  or  plant  should  not  be  described  as  self-incompatible  or 
self-compatible.  This  should  be  described  in  terms  of  degree  or  level  of  incompat¬ 
ibility.  The  level  is  influenced  by  temperature,  humidity,  age  of  flower  and  plant. 
Bud  pollination,  treatment  with  C02  (3-5%)  for  8-24  hours  at  100%  relative  hu¬ 
midity  and  spraying  the  crop  at  full  bloom  stage  with  5%  sodium  chloride  solution 
are  used  to  break  down  self  incomp atibility  for  the  multiplication  of  inbred  lines  in 

cole  crops. 

Self-incompatibility  is  used  in  the  development  of  hybrid  varieties.  Lines  having 
higher  degree  of  self  incompatibility  should  be  developed.  A  line  should  have  only 
one  type  of  S-allele  which  on  crossing  with  other  line  having  different  allele  will 
give  only  hybrid  (crossed)  seed. 

CROP  IMPROVEMENT 

Objectives  of  breeding  programme 

Before  starting  any  breeding  programme,  the  objectives  should  be  very  clear. 
Increased  yield  is  often  the  main  aim  of  the  breeders,  but  in  many  horticultural 
crops  including  sprouting  broccoli,  brussels  sprouts  and  knol  khol  it  is  not  the 
only  factor  to  be  improved  upon.  Since  seventies,  many  hybrids  are  in  cultivation 
and  considerable  increase  in  yield  have  been  achieved  in  developed  countries  in 
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these  crops.  However,  improvement  in  yield  is  important  but  the  overriding  factors 
now  are  becoming  quality,  umform  maturity,  extension  of  availability  period  and 
resistance  against  insect-pests  and  diseases.  There  is  also  a  need  for  improvement 
in  nutritional  value,  flavour  and  other  dietary  (level  of  glucosinolates)  contents. 

Germplasm  resources 

Sufficient  variability  is  needed  in  any  crop  to  start  a  successful  breeding  pro¬ 
gramme.  In  these  crops,  very  little  germplasm  is  available.  However,  comprehen¬ 
sive  base  collection  of  broccoli,  brussels  sprouts  and  knol  khol  is  available  at  Hor¬ 
ticultural  Research  Institute,  Wellesbourne.  Breeders  in  India  must  make  sufficient 
collection  from  this  and  other  sources  to  get  the  desired  variability  in  these  crops. 

Brussels  sprouts  and  knol  khol  are  typically  biennial  crops  while  broccoli  com¬ 
prises  of  both  annual  as  well  as  biennial  types.  All  biennial  types  require  low  tem¬ 
perature,  less  than  10°C  for  about  6-8  weeks  depending  upon  cultivars  for  trans¬ 
formation  from  vegetative  to  generative  phase,  i.e.  initiation  of  flowers.  In  India, 
very  little  work  has  been  done  on  the  improvement  of  these  crops.  Some  improve¬ 
ment  work  on  brussels  sprouts,  knol  khol  and  some  forms  of  broccoli  is  being 
done  at  Indian  Agricultural  Research  Institute,  Regional  Station,  Katrain  (Kullu) 
Himachal  Pradesh  and  Dr  Y  S  Parmar  University  of  Horticulture  and  Forestry, 
Solan  (Himachal  Pradesh).  Recently  IARI,  New  Delhi,  Himachal  Pradesh  Krishi 
Vishwavidyalaya,  Palampur  and  Punjab  Agricultural  University,  Ludhiana  have  also 
started  improvement  work  on  annual  types  of  broccoli.  The  same  improvement 
methodology  as  applicable  to  cabbage  and  cauliflower  can  success  fully  be  utilized 

for  the  improvement  of  these  crops  depending  upon  the  desired  characters  in  new 
types. 

BREEDING  METHODS 

Selection  methods 

Mass  selection:  Mass  selection  is  the  most  common  method  used  in  cross  polli¬ 
nated  crops  for  the  improvement  of  qualitative  characters  governed  by  single  or 
few  genes.  Mass  selection  is  effective  only  for  those  quantitative  characters  which 
have  high  heritability  and  are  easily  observable.  In  positive  mass  selection,  selected 
plants  are  uprooted,  replanted  in  isolation  and  allowed  to  cross  pollinate.  In  nega¬ 
tive  mass  selection,  undesirable  plants  are  removed  and  remaining  plants  are  al¬ 
lowed  to  flower  and  produce  seed.  The  former  method  is  used  for  the  production 
of  breeder  seed  and  the  latter  for  commercial  seed.  The  main  draw  back  of  mass 
selection  method  is  that  there  is  no  control  over  the  pollen  parent  and  the  selec¬ 
tion  is  purely  based  on  the  phynotypic  appearence.  Modification  of  this  method 
based  on  progeny  testing  like  mass  pedigree  method  and  family  selection  method 
suggested  for  cabbage  can  be  effectively  used  for  these  crops  as  well. 
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In  Europe,  most  of  the  cultivars  in  Brussels  sprouts  were  selected  through  mass 
selection  by  growers  themselves.  These  strains  when  grown  under  other  agroclimatic 
conditions  failed  miserably.  Cultivars  with  wider  adaptability  have  been  developed 
by  adopting  other  breeding  methods. 

Practically  no  work  has  been  done  in  India  on  these  crops  because  of  their 
limited  economic  importance.  Combining  ability  studies  have  shown  that  in  Brussels 
sprouts  mean  performance  of  parents  is  good  indication  of  their  general  combining 
ability. 

In  brussels  sprouts  two  introductions,  namely  Hilds  Ideal  and  Rubine  have 
been  recommended  by  Indian  Agricultural  Research  Institute,  Regional  Station, 
Katrain  (Himachal  Pradesh)  and  Dr  Y  S  Parmar  University  of  Horticulture  and 
Forestry,  Solan  (Himachal  Pradesh)  respectively  for  cultivation.  In  Broccoli,  Pusa 
Broccoli  KTS  1  (IARI,  RS  Katrain),  Palam  Samndhi  (HPKW,  Palampur),  Punjab 
Broccoli  I  (PAU,  Ludhiana),  Italian  Green  and  Green  Head  (UHF,  Solan)  have 
been  recommended  for  cultivation.  These  are  either  introductions  or  selections. 

Progeny  testing  and  line  breeding:  Cole  crops  are  highly  heterozygous  and 
heterogeneous.  Progenies  of  selected  plants  are  grown  in  rows  and  assessed  for 
their  performance.  Superior  progeny  lines  are  allowed  to  intercross.  This  method 
is  also  known  as  plant  to  row  selection  or  ear  to  row  selection.  This  method  is 
more  useful  to  all  these  crops. 

Family  breeding:  This  method  is  similar  to  line  breeding  except  that  more  than 
one  cycle  of  selection  is  followed.  In  cole  crops,  it  is  frequendy  used  for  improve¬ 
ment.  Superior  plants  are  selected  from  a  base  population.  Seeds  of  selected  plants 
are  produced  using  open  pollination,  selfing,  top  cross,  pair  cross  or  diallel  cross. 
In  the  second  year  progenies  of  selected  plants  are  grown  in  two  blocks,  one  for 
evaluation  and  other  for  development  of  superior  families.  Selection  may  be  re¬ 
peated  until  desirable  results  are  obtained. 

Recurrent  and  reciprocal  recurrent  selection:  Plants  selected  from  a  population 
on  the  basis  of  their  superiority  are  selfed.  Progenies  of  selected  plants  are  raised 
and  intercrossing  among  the  selected  progenies  are  made  in  the  same  year.  Crossed 
seeds  are  sown  in  the  next  year  and  intercrossing  among  the  selected  plants  is 
made.  So  in  cole  crops,  one  selection  cycle  is  completed  in  a  year  contrary  to  the 
other  crops  where  normally  two  year/seasons  are  required.  Selection  of  superior 
plants  on  the  basis  of  heads/sprouts/tubers  can  be  done  before  their  flowering. 
These  cycles  may  be  repeated  until  required  level  of  improvement  is-  achieved, 
Recurrent  selection  is  commonly  applied  in  cultivars  or  composites  to  increase 
yield  of  cross  pollinated  crops  by  exploiting  additive  genetic  variance.  It  is  also 
used  to  increase  genetic  variability  and  to  break  down  the  linkage  within  the  popu¬ 
lation.  This  new  gene  base  may  be  used  to  develop  new  inbreds /varieties. 

Reciprocal  recurrent  selection  is  mainly  used  to  improve  two  source  populations 
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simultaneously  on  the  basis  of  their  combining  ability.  Two  selected  populations  A 
and  B  serve  as  tester  for  the  individuals  chosen  from  other  population.  This  also 
serves  to  select  the  plants  for  general  and  specific  combining  ability.  This  method 
is  used  to  develop  superior  population  or  inbreds  with  broader  genetic  base. 

Inbreeding:  Inbreeding  depression  reduces  the  vigour  and  should  be  avoided 
after  3-4  generations  in  cole  crops.  This  is  mainly  utilized  to  develop  inbred  lines 
to  achieve  uniformity  in  maturity,  size  and  shape  of  heads, sprouts, tubers  in  these 
crops.  These  inbred  lines  are  used  in  the  development  of  Fj  hybrids  and  synthetics. 

Hybridization 

Hybridization  involves  crossing  of  two  varieties  with  the  aim  of  transferring 
qualitative  and  quantitative  characters.  Ft  or  later  generation  progenies  may  be 
used  for  recombinant  breeding  having  polygenic  control.  Transgressive  segregants 
appearing  in  these  generations  may  be  used  for  developing  new  lines.  Biparental 
progeny  selections  in  elite  F2  generation  may  be  used  in  developing  new  genotypes 
having  desirable  superior  traits. 

Heterosis  breeding 

Heterosis  breeding  mainly  utilizes  dominance  variance.  In  all  cole  crops,  suffi¬ 
cient  heterosis  for  yield,  earliness,  wider  adaptability  and  uniformity  for  size,  shape 
and  maturity  period  have  been  found.  Disease  resistance  has  also  been  incorpo¬ 
rated  through  hybrid  breeding  programme.  It  is  also  easy  to  produce  commercial 
hybrid  seed,  comparatively  at  cheaper  rates  by  using  self-incompatibility  and  male 
sterility  system  in  all  the  cole  crops.  All  these  attributes  have  undoubtedly  contributed 
to  the  success  of  Fj  hybrids  in  Brussels  sprouts,  broccoli  and  also  in  knol  khol. 
Hybrid  cultivars  are  occupying  more  than  98%  area  in  developing  countries  in 
these  crops. 

Most  of  the  commercial  hybrids  in  these  crops  are  produced  using  self-incom¬ 
patible  inbreds,  developed  after  4-5  generations  of  inbreeding/pedigree  methods 
with  a  combination  of  single  plant  and  family  selection/single  seed  descent  or 
anther  culture.  Promising  combinations  among  the  superior  lines  having  different 
‘S’  alleles  are  identified  on  the  basis  of  combining  ability.  Single,  double  or  three 
way  crosses  may  be  used  for  commercial  hybrid  seed  production. 

Synthetic  varieties 

Promising  inbreds  having  good  general  combining  ability  can  be  combined  to 
form  synthetic  or  composite  varieties.  Development  of  synthetic  varieties  mainly 
exploit  additive  genetic  variance.  In  cole  crops,  breeding  of  synthetics  are  mainly 
practised  when  floral  biology  does  not  permit  cheaper  commercial  production  of 
Fj  hybrid  seed.  It  may  also  be  practised  in  those  places  where  seed  industry  is  not 
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well  developed.  The  synthetic  cultivars  have  many  advantages.  The  farmer  can 
muldply  and  use  their  own  seeds  for  two  to  three  generations.  It  has  wider  adapt¬ 
ability  unlike  Fi  hybrids  and  also  serve  as  reservoir  of  germplasm. 

Breeding  for  insect  pest  and  disease  resistance 

Back  cross  method  is  commonly  used  to  transfer  resistance  governed  by  one  or 
a  few  dominant  or  recessive  gene(s)  from  donor  to  otherwise  desirable  genotypes. 
It  takes  about  6-7  generations  of  back  cross  to  achieve  the  target.  The  same  method 
can  be  used  in  polygenic  system  of  control  but  successive  back  crosses  are  not 
needed  unless  the  donor  parent  has  large  number  of  undesirable  characters.  The 
overall  objective  should  be  to  develop  families  with  desirable  characters  and  resist¬ 
ance  and  intercrossing  between  them  to  bring  more  genes  of  resistance  in  the 
resultant  cultivars. 

Biotechnology:  While  most  of  the  genetic  improvement  in  broccoli,  Brussels 
sprouts  and  knol  khol  has  been  through  traditional  breeding  methods  but  tissue 
culture  and  biotechnological  methods  definitely  have  a  major  part  to  play. 

Tissue  culture  techniques  are  used  for  micropropagation  of  crops.  Micropropa¬ 
gation  of  Brussels  sprouts  and  broccoli  by  menstem  culture  using  Murashige  and 
skoog  (MS)  medium  has  proved  more  useful.  Micropropagation  has  been  suggested 
as  an  alternative  to  bud  pollination  to  multiply  self-incompatibile  inbred  lines  in 
these  crops. 

Callus  formation  of  explants  of  stem,  petiole,  leaf  pedicel,  calyx  or  a  cell  on 
regeneration  give  rise  to  plants  having  variability.  This  variability  expressed  by 
regenerated  plant  is  a  somaclonal  variation.  These  clones  can  be  used  in  breeding 
of  new  cultivars. 

Anther  culture  is  useful  in  rapid  production  of  haploids  to  develop  instant 
homozygous  lines.  A  haploid  plant  has  small  flower  and  is  sterile.  Injecting  the 
plants  with  0.05%  colchicine  before  bolting  doubles  its  chromosome,  thereby,  help¬ 
ing  in  the  production  of  selfed  seed.  This  is  more  useful  in  developing  self-incom¬ 
patible  lines. 

When  distant  crosses  suffer  from  post-fertilization  barriers,  embryo  culture 
technique  can  be  used  to  rescue  the  embryo  towards  its  normal  development. 
Protoplast  fustion,  i.e.  production  of  cybrids  is  a  new  method  of  hybridizing  diver¬ 
gent  taxas  otherwise  isolated  by  genetic  barriers.  This  is  only  the  means  of  combining 
two  cytoplasmically  inherited  characters  in  a  single  genotype.  Genetic  transforma¬ 
tion  used  in  cabbage  and  cauliflower  can  be  applicable  to  these  crops  also. 
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Brussels  Sprouts 
(Brassica  oleracea  var.  gemmifera ) 

Area  and  production 

Brussels  sprouts  is  a  delicious  cold-climate  winter  vegetable  that  has  been  grown 
around  Brussels  in  Belgium  since  13th  century.  It  took  500  years  to  reach  English 
gardeners  but  now  it  is  a  very  popular  crop  in  North-West  Europe  and  California 
state  of  USA.  In  other  parts  of  the  world  it  is  grown  on  a  very  limited  scale.  In 
Europe,  it  is  mainly  grown  for  fresh  market  whereas  in  California  it  is  grown  for 
freezing.  This  crop  is  slowly  gaining  popularity  with  Indian  growers  around  big 
cosmopolitan  cities  and  hill  stations  to  meet  the  demand  of  hotels  and  tourists. 
Since  it  is  a  minor  crop,  authentic  statistics  about  its  area  and  production  are  not 
available. 

Uses  and  economic  impotance 

The  edible  part  of  Brussels  sprouts  is  swollen  axillary  buds,  known  as  ‘Sprouts’ 
or  buttons’  or  ‘mini-cabbages’.  The  stem  of  the  crop  makes  normal  longitudinal 
growth.  Buds  in  the  axil  of  petiolate  leaves  develop  into  swollen  small  head  like 
structure  about  5— 8cm  in  diameter.  The  sprouts  are  cooked  and  served  in  the  same 
way  as  cabbage  heads.  These  can  be  used  as  salad  or  cooked  as  single  or  mixed 
vegetable  with  potato  or  other  vegetables.  Sprouts  after  cutting  vertically  into  two 
halves  or  fried  with  besan  (gram  flour)  and  paste  can  be  used  for  the  preparation  of 
pakoras.  Like  cabbage  head,  boiled  sprouts  can  also  be  consumed  after  adding  salt, 
butter  and  black  pepper  powder  depending  upon  your  taste.  It  is  a  rich  source  of 
vitamin  A,  ascorbic  acid,  riboflavin,  niacin,  calcium  and  iron.  The  nutritive  value 
of  this  vegetable  is  presented  in  Table  1  and  2. 

Export  potentials 

Sprouts  in  general,  if  harvested  at  proper  stage  have  longer  shelf-life  and  now  a 
large  number  of  hybrid  varieties  suitable  for  freezing  are  also  available.  So  there  is 
a  good  potentiality  for  its  export  from  cultivated  areas  to  hotter  places  within  and 
also  outside  the  country  as  a  fresh  vegetable.There  is  also  a  good  scope  to  export 
this  vegetable  in  frozen  form  since  large  number  of  hybrid  cultivars  suitable  for 
freezing  are  available. 

Origin 

The  crop  in  the  present  form  appeared  in  Brussels  (Belgium)  in  1750  and  reached 
England  and  France  in  1800.  However,  the  crop  became  popular  in  Europe  and 
California  in  late  eighteenth  and  early  nineteenth  century.  The  origin  of  the  plant 
remains  obscure  and  has  been  ascribed  to  both  savoy  cabbage  and  various  forms 
of  kale  including  head  kale. 
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Hilds  Ideal 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


White  Vienna 


Varieties 

Extensive  selections  made  by  the  growers  themselves  keeping  in  view  their 
requirement  have  resulted  in  the  development  of  large  number  of  cultivars.  These 
cultivars  adapted  so  much  to  the  prevailing  agroclimatic  conditions  that  they  failed 
to  perform  better  in  new  conditions.  This  has  also  helped  in  generating  variability 
in  the  crop  during  its  early  years  of  cultivation.  But  now  a  days  mostly  hybrid 
cultivars  are  grown,  which  have  wider  adaptability  and  uniformity  in  maturity. 

There  are  two  distinct  type  of  cultivars,  dwarf  and  tall.  Dwarf  cultivars  have 
short  stem  less  than  50cm  in  length  and  sprouts  are  small  and  crowded  on  the 
stem.  These  are  mostly  early  cropper  and  most  suitable  for  the  areas  where  grow¬ 
ing  season  is  short.  Common  cultivars  are  Improved  Long  Island,  Early  Morn, 
Dwarf  Improved,  Frontier  Zwerg  and  Kvik. 
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Tall  cultivars  are  grown  in  areas  where  growing  season  is  longer  especially  in 
England,  other  parts  of  Europe  and  north  Indian  hills.  Strains  of  cultivar  Eveshan 
Rapid  (Sweden)  and  Wilhelmsburg  (Germany)  are  early  in  maturity  but  do  not 
withstand  hard  winters.  Late  and  hardier  cultivars  are  Hilds  Ideal,  Red  Vein,  Amager 
and  De  Rosny  Polarstjernen.  However,  open  pollinated  cultivars  in  both  early  and 
late  group  have  been  replaced  by  hybrids. 

Hilds  Ideal :  Hilds  Ideal  is  an  open  pollinated  cultivar  recommended  for  grow¬ 
ing  in  the  hills  and  plains  of  north  India  from  IARI,  Regional  Station,  Katrain, 
Kullu,  Himachal  Pradesh.  Average  plant  height  of  this  variety  is  60-65cm  having 
45-55  sprouts/plant,  measuring  7-8cm  across  of  6 — 8g  each.  Sprouts  are  light- 
green,  globular  and  solid,  takes  110-120  days  for  first  picking  after  transplanting. 
Yield  per  plant  varies  from  250-450g  in  4—5  pickings. 

In  recent  years,  most  of  the  open  pollinated  cultivars  have  been  replaced  by 
hybrid  varieties  since  they  have  wider  adaptability,  uniformity  in  maturity  and  sprout 
shape  which  are  suitable  for  machine  harvesting.  The  hybrids  marketed  by  differ¬ 
ent  seed  companies  of  Japan  and  Europe  are  Jade  Cross,  Pearl  Crystal,  Doreman, 
Predora,  Rovoka,  Sonara,  Ladosa,  Oliver,  Valiant,  Rogor,  Rider,  Boxer,  Richard, 
Royal  Marvel,  Asgard,  Kundry,  Rasmunda  and  Stephen. 

CROP  PRODUCTION 

Climate 

Brussels  sprouts  is  a  cool  and  moist-loving  crop  which  takes  a  long  growing 
season.  Mild  winter  and  cool  summer  are  ideal  conditions  for  growing  of  this 
crop.  In  India,  it  is  mainly  grown  as  a  winter  crop.  The  temperature  for  seed  ger¬ 
mination  is  around  12°-16°C.  Plants  take  optimum  growth  when  temperature  is 
16°-20°C  and  at  higher  temperature  the  growth  is  arrested.  However,  temperature 
requirement  may  vary  from  one  cultivar  to  other.  Mild  temperature  and  sun  shine 
during  day  time  and  cooler  nights  will  give  better  quality  sprouts.  This  crop  is  frost 
resistant  and  late  cultivar  can  withstand  temperature  as  low  as  -10°C.  It  can  continue 
to  grow  even  at  0°C.  Short  transition  period  from  summer  to  winter  will  give 
lower  yield.  This  crop  has  two  distinctive  phases,  vegetative  and  generative.  During 
vegetative  phase,  plants  develop  vegetatively  and  form  sprouts  and  during  genera¬ 
tive  phase  the  plants  after  exposure  to  chilling  temperature  (5°-8°C)  for  a  period 
of  6-8  weeks  form  flowers  and  seeds. 

Soil 

This  crop  can  be  grown  in  both  light  as  well  as  in  heavy  soils.  The  sandy  loam 
soils  are  preferred  for  early  and  clay  loam  for  main  season  crops.  Soils  having 
sufficient  amount  of  organic  matter,  good  drainage  system  and  pH  between  6-6.5 
produce  higher  yield.  Even  growth  of  the  plant  is  a  pre-requisite,  i.e.  quick  growth 
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in  peat  soil,  garden  soil  or  highly  fertile  soil  makes  the  sprouts  loose.  Brussels 
sprouts  are  salt-tolerant  (C4-C8)  but  plants  remain  dwarf.  The  land  should  be  well 
worked  before  sowing  and  transplanting  to  get  higher  yield. 

Raising  of  nursery  and  sowing  time 

Brussels  sprouts  is  generally  sown  in  raised  nursery  beds.  The  nursery  beds  are 
well  prepared  and  5kg  sieved  farmyard  manure  is  added  in  the  soil.  Excessive 
nitrogen  should  be  avoided.  The  sowing  in  Europe  and  California  (USA)  is  done 
in  August-September  or  April.  Similar  timings  are  followed  in  the  north  Indian 
hills  depending  upon  altitude.  However,  sowing  is  done  in  August-September  in 
the  plains  of  north  India. 

After  the  final  preparation  of  nursery  beds  2  days  before  sowing,  the  nursery 
beds  are  drenched  with  0.3%  Captan  or  Thiram  solution  @5  litre/m2  to  control 
the  pathogens  like  Pythium,  Rhizoctoma,  Phytophthora  and  Fusanum  which  are 
mainly  responsible  for  damping  off  disease  in  the  nursery.  When  the  soil  is  steri¬ 
lized  with  formalin  (1  :  48),  it  must  be  done  3—4  weeks  before  sowing.  Treated 
beds  should  be  covered  with  alkathene  sheet  for  about  6-7  days.  It  must  be  aerated 
by  turning  the  soil  upside  down  and  kept  open  for  a  week  before  sowing. 

The  seeds  are  treated  with  Thiram  of  Captan  or  Agrosan  @3g  per  kg  or  Bavistin 
lg/kg  before  sowing.  About  300-400g  seed  is  required  for  one  hectare.  Sowing  is 
done  in  rows  spaced  at  8— 10cm  apart  and  1.5— 2.5cm  deep.  For  planting  crop  in 
one  hectare,  about  60-80m"  nursery  area  is  required  for  raising  the  seedlings.  After 
sowing,  the  seeds  are  covered  with  fine  soil  and  surface  of  the  bed  is  made  uniform. 
The  beds  are  covered  with  fine  layer  of  dry  grass.  This  helps  in  retaining  moisture 
for  longer  time  and  avoid  crust  formation.  Watering  with  wateringcan  will  help  in 
maintaining  uniform  moisture.  When  the  emerging  seedlings  have  come  to  the 
soil  level,  dry  grass  cover  is  removed,  otherwise  seedlings  will  become  pale-  and- 
lanky.  Seedlings  are  thinned  properly  and  drenched  with  0.2%  Captan  or  Thiram 
solution  to  save  them  from  post-  emergence  damping-off  disease.  Proper  mois¬ 
ture  is  maintained  to  get  healthy  seedlings. 

Fertilizers 

Land  is  well  prepared  to  get  uniform  distribution  of  fertilizer  and  a  healthy 
crop.  During  ploughing,  add  15—20  tonnes  of  well  rotten  cow  dung  or  farmyard 
manure  per  hectare.  At  the  time  of  final  ploughing,  add  100-150kg  N,  50-150kg  P 
and  100-200kg  K  per  hectare.  Remaining  half  dose  of  nitrogen,  i.e.  100-200kg  is 
divided  into  2-3  equal  doses  and  applied  after  30-45  and  60  days  of  planting. 
Application  of  200kg  N/ha  in  the  form  of  spilt-applications  results  in  the  production 
of  highest  number  of  marketable  sprouts.  Further  increase  in  nitrogen  results  the 
reduction  of  total  sugar,  dry-matter  content  and  ascorbic  acid.  Excessive  application 
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of  nitrogen  also  results  in  quick  growth  of  plant  and  development  of  loose  sprouts, 
so  it  should  be  avoided.  Similarly  excessive  application  of  potash  impart  bitter 
taste  to  the  sprouts. 

Spacing 

The  spacing  depends  upon  the  type  of  cultivars  and  method  of  harvesting.  For 
single  mechanical  harvesting,  close  spacing  between  the  plants  is  followed.  In  Eu¬ 
ropean  countries,  spacing  of  70cm  x  45cm  in  hybrid  variety  Valliant  gave  optimum 
yield.  Spacing  of  60cm  x  45cm  and  60cm  x  60cm  are  recommended.  Spacing  of 
90cm  x  90cm  is  recommended  in  case  of  tall  growing  cultivars  and  for  places 
having  longer  growing  periods. 

Transplanting 

Seedlings  are  ready  for  transplanting  after  4—5  weeks.  Older  seedlings  generally 
give  poor  yield.  In  north  Indian  hills,  planting  is  done  from  August  to  mid  Septem¬ 
ber  and  also  in  May  depending  upon  the  altitude.  Under  north  Indian  plains,  planting 
is  done  in  September-October  to  get  better  yield.  The  planting  time  should  be 
adjusted  in  such  a  way  that  at  the  time  of  sprout  formation  temperature  is  mild. 

Irrigation 

The  crop  is  irrigated  immediately  after  transplanting  of  seedlings  and  subse¬ 
quent  irrigation  depends  upon  the  climate  and  soil  conditions.  Sufficient  moisture 
is  maintained  during  growing  period  to  get  better  yield.  In  general,  the  crop  re¬ 
quires  irrigation  at  8-10  days  interval. 

Weedicides 

At  the  time  of  transplanting,  the  climate  is  also  favourable  for  the  growth  of 
large  number  of  weeds.  Application  of  weedicide  like  Trifluralin  (lkg/ha):, 
Fluchloralin  (0.5kg/ha),  Nitrofen  (2kg/ha),  Oxyfluonen  (lkg/ha),  Alachlor 
(0.2kg/ha),  Butachlor  (2kg/ha)  2-3  days  before  transplanting  helps  in  checking 
the  growth  of  weeds  having  broader  leaf. 

After  care 

Intercultural  operations  are  to  be  done  regularly  to  keep  the  crop  free  of  weeds 
and  aeration  of  root  system.  Deep  hoeing  should  be  avoided  to  minimize  injuries 
to  roots. 

Harvesting,  yield  and  storage 

In  a  normal  crop,  as  soon  as  lower  sprouts  on  the  stem  attain  proper  size  and 
firmness,  they  may  be  harvested.  Delayed  harvesting  results  in  poor  quality  sprouts. 
Loose  sprouts  at  the  base  of  the  stem  should  be  rejected  otherwise  the  whole  lot 
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will  be  spoiled.  Sprouts  should  be  solid,  upper  leaves  folded  closely,  attractive 
dark-green  in  colour  and  uniform  in  size.  The  freezing  industries  require  a  sprout 
less  than  3  cm  in  diameter.  At  least  3-5  harvestings  are  required  to  be  done.  In  the 
north  Indian  plains,  harvesting  period  is  January-February  and  in  hills  from 
November-March  or  July-September  depending  upon  the  cultivars  and  altitude. 
It  is  difficult  to  hand  pick  crowded  sprouts  on  the  stem,  which  is  more  common  in 
short  stemmed  varieties  and  cultivars  having  sprout  with  broader  base.  Generally, 
leaves  are  removed  from  the  plants  before  harvesting.  After  one  or  two  harvestings, 
plants  are  cut  from  the  base  and  after  removing  leaves,  harvesting  is  done  in  the 
shed. 

By  close  plant  spacings  and  removal  of  growing  tips  after  the  formation  of 
sprouts  in  late  summer  or  autumn,  it  is  possible  to  harvest  the  whole  crop  after  4— 
6  weeks  of  topping.  Hybrid  cultivars  are  more  suitable  for  this  purpose.  Topping 
method  is  more  suitable  for  mechanical  harvesting.  Yield  varies  between  5— 
lOtonnes/ha  depending  upon  cultivars  and  agroclimatic  conditions.  Single  harvested 
crop  generally  gives  3-5  tonnes  of  yield  per  hectare.  Sprouts  packed  in  polythene 
ceramic  film  (0.013  mm  thickness)  can  be  stored  well  for  16  weeks  at  0°C  and  only 
for  11  days  at  20°C.  Storage  of  sprouts  in  sealed  polythene  packs  at  0°-l°C  in 
modified  atmosphere,  2-5%  C02  and  14.5-16.8%  02  reduces  the  yield  losses  and 
improves  their  quality  in  comparison  to  open  storage  at  same  temperature. 


Sprouting  Broccoli 

( Brasica  oleracea  var.  italica  Plenck) 

Area  and  production 

United  States  of  America  is  the  largest  producer  of  Sprouting  broccoli  in  the 
world.  Apart  from  USA  the  other  major  producers  of  this  crop  are  Italy,  northern 
Europe  and  cooler  regions  in  the  far  East.  In  recent  years  cultivation  of  broccoli 
has  gained  momentum  in  India.  It  has  proved  an  important  commodity  under 
protected  cultivation  during  off-season  specially  around  big  cities  and  tourist  places. 
Broccoli  or  sprouting  broccoli  ( Brassica  oleracea  var.  Italica )  like  other  cole  crops, 
prefers  cool  moist  climatic  conditions  which  help  in  developing  quality  heads. 
Winter  cauliflower  or  heading  broccoli  is  also  referred  to  as  only  broccoli,  which  is 
Brassica  oleracea  var.  botrytis.  Broccoli  is  an  Italian  word  from  Latin  ‘Brachium’ 
meaning  an  arm  or  branch. 

Uses  and  economic  importance 

Morphologically,  broccoli  resembles  cauliflower,  but  the  plant  forms  head  rather 
than  curd,  consisting  of  green  buds  and  thick  fleshy  floral  stalk.  The  head  is  gener- 
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ally  green  in  colour,  it  may  be  purple  or  sometimes  white  also.  Besides  the  main 
head,  long  slender  smaller  heads  which  are  called  spears  are  developed  in  the  axils 
of  the  leaves.  These  become  ready  for  harvest  after  removal  of  main  head.  Both 
heads  and  fleshy  stems  are  eaten  as  salad  or  cooked  as  single  or  mixed  vegetables 
with  potato. 

Now  it  is  not  only  a  delicacy  for  foreigners  but  has  also  become  quite  popular 
with  Indians  because  of  its  high  nutritive  values.  Besides  anticarcinogenic  proper¬ 
ties,  broccoli  is  a  rich  source  of  vitamins,  minerals,  proteins,  etc.  (Table  1  and  2).  It 
has  about  130  times  more  Vitamin  A  contents  than  cauliflower  and  22  times  more 
than  cabbage.  It  is  also  a  rich  source  of  sulphoraphane,  a  compound  associated 
with  reducing  the  risk  of  cancer. 

Export  potentials 

In  Europe  and  north  American  countries  it  can  not  be  grown  during  winter 
season  in  the  field  due  to  heavy  snowfall.  All  broccolis  can  be  grown  well  during 
winter  season  in  India.  So  there  is  a  good  scope  of  its  export  during  this  period  to 
Gulf  countries  and  also  to  developed  world. 

Origin 

Snogerup  (1980)  suggested  that  broccoli  might  have  originated  as  an  abnormality 
by  crossing  between  early  forms  of  branching  shrub  kale  and  other  botanical  vari¬ 
eties,  followed  by  human  selections.  However,  Song  et.  al.  (1990)  supported 
monophyletic  origin  of  cultivated  morphotypes  in  B.  oleracea.  The  broccoli  devel¬ 
oped  in  eastern  mediterranean  and  Italy  is  the  main  centre  of  its  diversification. 

Varieties 

Purple  and  green  type  cultivars  are  more  cotnmon  in  broccoli,  though  a  few 
have  white,  purple,  pale-  and  dark-green  heads.  Different  types  of  broccoli  within 
italica  group  are  given  in  Table  3.  Purple  types  are  more  hardy  and  can  withstand 
lower  temperatures.  Most  of  them  are  grown  in  European  countries  and  harvested 
during  winter.  Colour  development  when  grown  under  glasshouse  or  polythene 
house  is  adversely  affected,  hence  these  types  are  not  suitable  for  protected  culti¬ 
vation. 

Green  types  are  more  commonly  cultivated.  On  the  basis  of  maturity,  it  may  be 
divided  into  early,  mid  and  late  types.  The  cultivars  having  solid,  firm  head  with 
small  green  buds  and  fewer  lateral  shoots  are  preferred.  Early  cultivars  are  ready 
for  harvest  after  40-50  days  of  transplanting.  De  Cicco,  Green  Bud  and  Spartan 
Early  are  common  cultivars  of  this  group.  Early  types  do  not  perform  well  under 
low  temperatures.  Waltham  29,  Green  Mountain  and  Coastal  Atlantic  are  suitable 
for  early  and  late  plantings.  Green  Sprouting  Medium  and  Green  Sprouting  Late 
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Table  3.  Broccoli  belonging  to  the  Italica  group 


Crop  type 

Description 

Purple  sprouting  broccoli 

Overwintering  NW  European  biennials,  branched, 
purple  spears,  variable,  early  and  late  forms  overlap¬ 
ping 

Purple  Cape  broccoli 

Overwintering  NW  European  biennials,  single  pur¬ 
ple  heads,  variable 

White  sprouting  broccoli 

Overwintering  NW  European  biennials,  branched, 
white  spears.  Distinct  early  and  late  maturing  forms 
of  which  the  late  type  more  strictly  with  in  the  Botrytis 
group. 

Purple  Sicilian  broccoli 
( Cavolifiore  vivoletto  di  Sicilia) 

Single  heading  pale-purple  heads,  also  known 
in  horticulture  as  'purple  cauliflower'. 

Couve  broccolo  'Roxo  de  Cabeca' 

Tall  purple  heading/sprouting  type  from  Portugal 

Calabrese  (Cavolo  broccolo 
ramosa  verde  di  Calabria ) 

Green  sprouting  broccoli  from  Calabrian  region.  Now 
a  world  wide  crop  and  virtually  single  heading.  Many 
hybrid  cultivars. 

Black  broccoli  ( broccolo  neri) 

Highly  branched  annual  with  dark-green  spears  and 
sickle  shaped  leaves;  from  Rome  area. 

(Gray  1993) 


are  biennial  in  nature,  mature  in  100  days  in  winter  and  are  suitable  for  mid  and 
late  plantings  in  Europe  and  USA. 

This  crop  is  gaining  popularity  in  India  too  during  recent  years.  Green  type 
cultivars  released  in  the  recent  past  are  listed  as  under. 

Pusa  Broccoli  Kt  Sel  I:  Developed  through  selection  at  IARI,  Regional  Station, 
Katrain.  Compact  light-green  heads  are  composed  of  small  buds  weighing  about 
250-400g  and  takes  85-95  days  from  transplanting  to  harvest.  Plant  height  varies 
between  40-50cm. 

Palam  Samridhi  (DPGB  I):  A  selection  from  exodc  material,  developed  by 
Himachal  Pradesh  Krishi  Vishwa  Vidyalaya,  Palampur  (Himachal  Pradesh).  Com¬ 
pact,  green  head,  free  from  yellow  eyes  and  bracts,  average  head  weight  is  300- 
400g.  Plants  branched,  also  bears  sprouts  in  the  axil  of  leaves  which  develop  into 
small  heads.  Average  yield  varies  from  50-20  tonnes/ha.  Ready  for  harvest  in  85- 
90  days  after  transplanting.  Mainly  recommended  for  subtropical  conditions. 

Punjab  Broccoli  I:  Developed  through  selection  by  Punjab  Agricultural  Uni¬ 
versity.  Ludhiana  and  recommended  for  growing  in  Punjab.  Foliage  dark-green 
with  smooth  leaf  surface  and  wavy  margin  with  bluish-tinge.  Plant  branched  and 
bears  large  number  of  sprouts  in  the  axil  of  leaves.  It  takes  about  65-70  days  from 
transplanting  to  harvest.  Head  and  spears  are  dark-green  with  bluish-tinge.  Average 
yield  is  7tonnes/ha. 
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Calabrese  type  broccoli  developed  from  Italian  green  sprouting  broccoli  are 
becoming  more  popular  with  the  growers  as  well  as  consumers  both  for  fresh 
market  and  processing.  Selection  has  been  directed  towards  rapid  maturity,  in¬ 
crease  in  main  head  size  and  reduction  in  number  of  lateral  shoots.  Now  it  has 
become  more  or  less  single  headed  annual  crop. 

Hybrids  on  the  basis  of  their  superiority  in  yield,  uniformity  in  size  and  matu¬ 
rity  have  gained  popularity  and  most  of  the  area  is  under  hybrids  in  developed 
countries.  Private  seed  companies  in  America,  Netherlands  and  Japan  are  mainly 
marketing  hybrids  belonging  to  Calabrese  group.  Southern  Comet,  Premium  Crop, 
Clipper  Laser  (extra  early),  Corsair,  Cruiser,  Corona,  Emerald,  Excalibur  (mid¬ 
season),  Late  Corona,  Stiff  Kayak,  Green  Surf  (late)  are  few  commonly  grown 
hybrids, 

Some  Japanese  and  European  seed  companies  are  also  marketing  hybrid  cultivars 
in  India;  like  Packman,  Pirate,  Brigadier,  Cap  oven,  Zues,  Hi  Cream,  Bacclus,  Mars, 
Green  Lofi,  Tendan,  Land  Star,  Green  Mail,  Green  Dome  and  Shigmen. 

CROP  PRODUCTION 

Soil 

Sandy  loam  or  clay  loam  soils  rich  in  organic  matters  are  preferred  for  raising 
broccoli  crop.  A  well  drained  soil  of  5.5— 6.5  pH  with  better  water-retention  capac¬ 
ity  gives  better  yield.  Stagnation  of  water  causes  injury  to  the  root  system  of  the 
plant. 

\ 

Climate 

Broccoli  is  grown  as  a  winter  crop  in  most  parts  of  India.  However,  in  the 
higher  hills,  it  may  be  grown  as  a  spring-summer  crop.  It  is  sensitive  to  higher 
temperature  as  bud  clusters  of  head  become  loose  quickly.  Higher  temperature 
also  give  rise  to  bracts  during  developmental  stage  of  head.  In  India  mainly  early- 
and  mid-types  are  grown  and  these  are  susceptible  to  frost  injury.  There  are  some 
purple-type  late  cultivars  which  are  resistant  to  frost  and  can  be  grown  in  areas 
where  there  is  a  danger  of  frost.  Early  and  mid-types  are  annual  whereas  late-type 
are  biennial  in  nature.  The  latter  requires  vernalization  for  the  development  of 
head  and  lnitiatioh  of  flowering  stalk.  Temperature  for  seed  germination,  plant 
growth  and  head  development  are  same  as  in  the  case  of  Brussels  sprouts.  An 
optimum  temperature  of  12°-18°C  is  suitable  for  proper  head  development. 

Seed  rate  and  sowing 

About  300-400g  seed  is  required  for  planting  one  hectare  of  land.  Sowing  is 
generally  done  in  nursery  beds  followed  by  transplanting  in  the  field.  However,  in 
United  States  of  America  direct  sowing  is  also  practised.  Nursery  raising  operations 
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including  seed  treatment,  nursery  treatment,  sowing  method  and  after  care  are 
same  as  in  the  case  of  Brussels  sprouts.  Under  north  Indian  plains,  sowing  time  is 
mid-August  to  mid-September.  Sowing  in  hills  is  done  in  July-August.  However, 
in  higher  hills  sowing  is  also  done  in  March-April.  Late  varieties  sown  in  the  hills 
can  withstand  frost  and  are  ready  for  harvest  in  March-April. 

Manure  and  fertilizers 

This  crop  has  not  yet  attained  commercial  status  in  India,  so  very  little  informa¬ 
tion  is  available  on  fertilizer  requirement  and  other  cultivation  aspects.  Fertilizer 
dose  recommended  for  cauliflower  is  commonly  applied  to  this  crop  also.  100— 
125kg  N,  60-80kg  P2O5  and  25-50kg  K20  per  hectare  may  be  applied  depending 
upon  soil  fertility  status  and  cultivars.  At  Dr  Y  S  Parmar  University  of  Horticul¬ 
ture  and  Forestry,  Solan  120kg  N,  60kg  P2O5  per  hectare  gave  highest  yield 
(15.3tonnes/ha)  but  90kg  N,  and  60kg  P2O5  proved  to  be  an  economical  dose 
(yield  14.6tonnes/ha).  This  crop  like  cauliflower  is  also  susceptible  to  the  defi¬ 
ciency  of  micronutrients  like  molybednum  and  boron.  Application  of  500g  molyb¬ 
denum  and  10-1 5kg  borax  helps  in  controlling  the  deficiency.  High  acidic  soils 
(pH  less  than  5.5)  may  be  corrected  by  liming  the  soil  to  increase  the  availability  of 
molybdenum.  Soils  with  more  than  pH  7  also  affect  the  availability  of  boron. 

Transplanting 

Seedlings  are  ready  for  transplanting  after  30-40  days  of  sowing.  Old  seedlings 
result  into  poor  growth  of  plant  and  development  of  small  sized  heads.  In  north 
Indian  plains,  transplanting  is  done  from  mid-September  to  mid-October  and  in 
the  hills  from  August  end  to  September.  However,  for  spring  summer  crop  plant¬ 
ing  in  higher  hills  is  done  in  May. 

Spacing 

Spacing  of  40cm  x  30cm,  45cm  x  45cm,  50cm  x  45cm,  50cm  x  50cm  and 
60cm  x  45cm  is  followed  depending  upon  season  and  cultivars  and  mode  of  har¬ 
vest.  In  USA,  spacings  of  30cm  x  70cm  or  40cm  x  70cm  are  followed  to  get  only 
single  harvest,  i.e.  main  head  only.  Close  spacings  generally  reduces  the  head  size 
and  delays  the  maturity.  At  IARI,  New  Delhi,  50cm  x  40cm  spacing  gave  optimum 
yield  in  variety  Pusa  Broccoli  Kt  Sel.  I. 

Irrigation 

The  crop  grows  well  under  high  moisture  conditions.  If  grown  in  soils  having 
longer  water-retaning  capacity,  it  gives  optimum  yield.  Dry  spells  during  early  growth 
and  head  development  stage  reduce  the  yield  considerably.  Irrigations  at  an  interval 
of  7-8  days  are  required  depending  upon  weather  conditions  to  get  good  harvest. 
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At  IARI,  New  Delhi,  irrigation  at  0.75  bar  SMT  during  vegetative  stage  and  0.25 
bar  SMT  during  post-heading  stage  gave  optimum  yield. 

Weedicide  and  after  care 

Pre-planting  application  of  weedicide  suggested  for  Brussels  sprouts  are  same 
for  this  crop  also.  Like  other  cole  crops,  deep  hoeing  should  not  be  done  to  avoid 
injury  to  shallow  root  system.  However,  crop  should  be  kept  free  of  weeds. 

Harvesting 

Early  types  mature  in  40—50  days,  mid  in  60—100  days  and  late  after  100  days  of 
transplanting.  Usually  the  crop  is  ready  for  harvest  from  December-March  in  the 
plains,  from  November— April  in  the  hills  and  August— October  in  higher  hills  of 
north  India.  When  the  head  has  attained  proper  size,  it  should  be  harvested  imme¬ 
diately.  Delayed  harvestings  cause  opening  of  buds  (beads)  and  loosening  of  head 
making  it  unfit  for  market.The  central  head  is  removed  alongwith  15cm  long  fleshy 
stem.  The  leaves  are  removed  from  the  cut-stem  and  head.  In  most  of  the  cases, 
only  main  head  is  harvested  and  side  spears  are  not  marketed.  In  the  developed 
countries,  mechanical  harvesting  is  done  and  the  yielding  component  is  only  the 
central  head.  With  the  improved  methodologies,  side  sprouts  commonly  called 
spears  are  tied  together  after  harvesting  to  give  them  a  shape  of  single  head  and  are 
marketed,  although  these  spears  fetch  less  price. 

Yield 

Yield  depends  upon  cultivars,  maturity  period  and  method  of  harvest.  Single 
harvest  of  main  heads  generally  gives  lesser  yield.  Yield  may  be  5-15tonnes/ha. 

Post-harvest  handling 

The  shelf-life  of  broccoli  heads  and  spears  is  significandy  affected  by  tempera¬ 
ture.  Storage-life  is  not  much  influenced  by  relative  humidity.  Storage  studies  con¬ 
ducted  at  IARI,  New  Delhi  using  Pusa  Broccoli  Kt  Sel.  I  showed  that  at  room 
temperature  (12.28°-16.77°C  at  relative  humidity  74.79%),  it  can  only  be  stored 
for  3  days.  But  under  cool  storage  (3°C  and  88%  relative  humidity),  the  shelf-life 
of  heads  can  be  extended  up  to  31  days.  Packaging  in  LDPE  (low  density  poly¬ 
thene)  bags  helped  in  keeping  the  broccoli  heads  more  fresh  and  green  under  low 
temperature.  Degradation  of  ascorbic  acid  and  chlorophyll  was  much  slower  un¬ 
der  cool  storage. 


Knol  khol 

(Brassica  oleracea  var.  gongylodes) 


Area  and  production 

Knol  khol  is  not  grown  on  a  large  scale  any  where  in  the  world.  In  India  it  is 
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more  popular  in  Kashmir.  Besides  Kashmir,  its  cultivation  is  confined  to  some 
parts  of  West  Bengal,  Uttar  Pradesh,  Himachal  Pradesh,  Madhya  Pradesh  and  in 
some  of  the  southern  states  since  it  is  a  minor  crop.  Authentic  information  about 
its  area  and  production  is  not  available. 

Uses  and  economic  importance 

The  edible  part  is  a  swollen  stem  called  tuber  or  knob  which  arises  from  the 
thickening  of  stem  tissue  just  above  the  ground.  In  some  parts  of  India  particularly 
in  Kashmir,  its  leaves  are  also  used  as  greens.  In  Europe  too,  leaves  of  early  cultivars 
are  used  for  human  consumption.  Knol  khol  is  a  rich  source  of  minerals  like  Ca, 
Mg,  K,  P,  Na  and  S.  Nutritional  value  is  given  in  Table  1  and  Table  2.  Knobs  are 
either  used  as  cooked  or  as  boiled  vegetable.  It  is  also  cut  into  small  pieces  and 
used  as  salad.  Leaves  are  also  used  in  the  preparation  of  soup. 

Origin 

Like  other  members  of  cole  group,  knol  khol  also  originated  from  the  wild 
cabbage  ( Brassica  oleracea  var.  sylvestns )  through  introgression,  mutation  and  se¬ 
lection.  Knol  khol  in  its  present  form  appeared  during  15th  century  in  North 
Europe  (Boswell,  1949).  It  was  in  cultivation  in  Italy,  Spain  and  Germany  as  stated 
in  16th  century  Herbals  and  Gerades  (Helm,  1963). 

Varieties 

Cultivars  grown  in  India  are  mostly  exotic  introductions.  However,  they  are 
being  maintained  and  their  seed  is  being  multiplied  by  different  organisations.  The 
most  common  cultivars  are: 

White  Vienna:  An  early  variety,  matures  in  55-60  days,  plants  are  dwarf  with 
%ht-green  foliage  and  stem.  Knobs  are  globular,  light-green  flesh  tender  and  creamy 
white  with  delicate  flavour. 

Eady  White  Vienna:  An  early  variety,  takes  50-55  days  for  the  developement 
of  knobs  after  transplanting.  Knobs  are  globular-round  and  green  with  fewer  leaves. 
Flesh  is  cream-white,  tender  and  crisp. 

Latge  Green.  It  is  a  late  variety  which  takes  60—70  days  for  harvest.  Plants  are 
vigorous  with  dark-green  foliage,  knobs  flattish  round  and  dark-green  in  colour, 
adapted  well  to  Himachal  Pradesh. 

King  of  North:  This  variety  takes  about  60-65  days  to  harvest  after  transplant¬ 
ing.  It  has  dark -green,  flattish-round  knobs.  Dark-green  leaves  are  well  spread  over 
the  knobs. 

Early  Purple  Vienna:  An  early  variety  which  takes  55-60  days  for  knob  forma¬ 
tion.  Foliage  purple,  knobs  globular  round,  large  with  purple  skin  and  light-green 
flesh. 
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CROP  PRODUCTION 


Climate  and  soil 

Knol  khol  is  mainly  grown  as  a  winter  vegetable  crop.  It  prefers  cool  climate 
and  an  optimum  temperature  for  its  growth  which  is  between  15°-25°C  depend¬ 
ing  upon  cultivars.  Early  varieties  are  more  prone  to  premature  bolting.  When 
grown  below  15°C  for  longer  period,  these  varieties  produce  flowering  stalks  directly 
without  forming  knobs.  Pre-mature  bolting  may  cause  development  of  elongated 
or  flattish  round  knobs  even  in  case  of  cultivars  forming  round  globular  or  flattish- 
round  knobs.  Duration  of  low  temperature  treatment  also  affects  premature  bolting. 
Purple  varieties  are  more  susceptible  to  premature  bolting.  Knol  khol  can  be  grown 
in  all  types  of  soils  but  soils  rich  in  organic  matter  give  better  quality  and  uniform 

knobs. 

Cultivation 

About  800-1 ,000g  seed  is  sufficient  for  raising  seedlings  to  be  planted  in  one 
hectare.  Nursery  bed  preparation,  seed  and  nursery  treatment,  sowing  methods 
and  other  practices  to  raise  the  seedlings  are  same  as  discussed  under  Brussels 
sprouts.  Sowing  in  north  Indian  plains  is  done  from  September-November  and  in 
the  hills  from  March-August.  In  places  where  winter  is  mild,  sowing  may  be  done 
in  October.  About  10-15  days  sowing  and  planting  interval  is  maintained  to  get 
regular  supply  of  knobs.  Seedlings  are  ready  for  transplant  after  30-40  days  of 
sowing.  Application  of  80kg  N,  60kg  P205  and  60kg  K20  per  hectare  will  give 
good  yield  in  sandy  loam  soils.  Spacing  of  30-40cm  between  the  rows  and  20- 
25cm  within  the  row  is  kept,  depending  upon  cultivars  and  soil  fertility.  Close 
spacings  besides  giving  small  sized  knobs,  also  form  elongated  knobs.  Optimum 
yields  were  obtained  at  a  spacing  of  30cm  X  25cm.  Proper  moisture  should  be 
maintained  during  its  growth.  Pre-planting  application  of  weedicide  followed  by 
hoeing  and  weeding  in  the  later  stage  will  keep  the  crop  free  of  weeds.  Any  check 
in  the  growth  will  cause  development  of  fibrous  knobs. 

Harvesting  and  yield 

Knobs  or  tuber  should  be  harvested  at  proper  stage.  Delayed  harvesting  makes 
them  fibrous  and  also  causes  deterioration  in  other  quality  charcters.  Most  of  the 
early  varieties  may  be  harvested  when  the  tubers  have  attained  6-8cm  diameter. 
However,  late  maturing  cultivars  may  attain  10-1 2cm  diameter  at  harvesting  stage. 
Average' yield  may  be  12-20tonnes/ha  depending  upon  cultivars  and  other 
agroclimatic  conditions. 

PLANT  PROTECTION 

Sprouting  broccoli,  Brussels  sprouts  and  knol  khol  like  other  cole  crops  are  vul- 
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nerable  to  fungal,  bacterial  and  viral  diseases.  Huge  losses  have  been  reported  in 
these  crops  during  epidemic  years.  The  most  common  diseases  attacking  these 
crops  and  their  management  are  discussed  here  under: 

Damping  off:  Damping  off  is  primarily  a  disease  of  nursery  and  occurs  in  two 
phases.  In  pre-emergence  phase,  the  young  seedlings  are  killed  before  they  reach 
the  surface  of  soil  and  post-emergence  is  conspicuous  by  topping  over  the  in¬ 
fected  seedlings.  The  disease  is  incited  by  the  species  Pythium,  Pbytopthora,  Fusanum, 
Phoma,  Olpidium  and  Rhizoctonia.  The  control  measures  have  been  discussed  under 
raising  of  nursery. 

Black  spot:  A  seed-borne  disease  caused  by  Altemana  brassicae,  A.  brassicicola 
and  A.  alternata.  Dark  coloured  spots  appear  on  leaf,  stem  sprouts,  heads  and 
pods  which  spread  rapidly  to  form  circular  lesion.  Under  humid  conditions,  con¬ 
centric  ring  appears.  Optimum  temperature  for  spread  of  disease  is  20°-30°C  but 
its  spores  are  able  to  germinate  from  1°-40°C  provided  sufficient  moisture  is 
available.  Fungicides  like  Mancozeb,  Copper  oxychloride  and  Chlorothaloml  are 
effective  against  the  disease.  Seed  treatment  with  metalyxal  compound  and  spray¬ 
ing  of  the  crop  with  Mancozeb  @0.2%  at  10-15  days  interval  from  the  time  of 
first  risk  had  given  better  control. 

Downy  mildew :  The  disease  is  incited  by  an  obligate  pathogen  Peronospora 
parasitica.  This  is  more  prevalent  in  the  cooler  region  of  the  world.  In  India,  its 
occurrence  is  common  during  winters  and  early  summer  in  the  northern  plains 
and  in  the  hills  respectively.  The  optimum  temperature  for  the  spread  of  disease 
is  16°C,  though  range  for  infection  and  spread  is  10°-20°C.  It  can  attack  the  crop 
at  any  stage  of  growth  including  storage.  Small  chlorotic,  irregular,  translucent, 
^S^t-green  lesions  appear  on  leaf  lamina  in  the  initial  stage  with  pronounced  downy 
growth  of  the  fungus  on  lower  surface  during  high  humid  conditions.  Lesion  dry 
out  and  becomes  necrotic  leading  to  defoliation  and  death  of  plant.  In  severe 
form,  it  may  infect  sprouts,  heads  and  knobs. 

The  control  measures  and  seed  treatments  suggested  for  Altemana  spot  disease 
are  the  same.  But  one  protective  spray  of  Ridomil  MZ  72  @0.025%  before  the 
onset  of  favourable  conditions  followed  by  Dithane  M  45  @0.2  %  at  10  days 
interval  is  effective. 

Rhizoctonia  disease:  The  disease  is  caused  by  the  fungus  Rhizoctonia  solani.  It 
can  cause  damping-off,  wire  stem,  bottom  rot  and  crown  rot  depending  upon  the 
growth  stage  and  plant  at  which  it  attacks  the  crop.  Since  it  is  a  soil-borne  disease, 
integrated  control  approach  like  disinfection  of  nursery  growing  area,  modification 
in  cultural  practices  such  as  deep  ploughing,  use  of  compost  and  photodegradable 
mulch,  light-irrigation  and  use  of  resistant/tolerant  varieties  should  be  followed. 

Sclerotinia  rot:  Sclerotima  rot  is  caused  by  the  fungus  Sclerotima  sclerotiorum. 
This  is  a  disease  of  seed  crop,  generally  starts  during  generative  phase.  Wet  soft 
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lesions  may  appear  on  sprouting  broccoli  head,  leaf  scars  in  lower  region  of  stem 
of  Brussels  sprouts,  left  behind  after  defoliation  of  old  leaves.  The  affected  plant 
parts  are  covered  with  white  silvery  growth  so  it  is  also  known  as  white  rot.  In  the 
pith  region  of  affected  parts  sclerotia  of  different  sizes  are  formed.  The  affected 
plant  wilt  and  die  in  due  course  of  time.  Crop  rotation  with  monocots,  flooding 
the  field  continuously  for  2-3  months,  application  of  saw  dust  after  transplanting 
helps  in  reducing  the  inoculum. 

Fungicides  like  Benomyl,  Thiophanate  methyl  and  Iprodine  have  been  reported 
effective  against  this  disease.  Four  to  five  protective  sprays  alternatively  of  0.05% 
B  avis  tin  combined  with  0.2%  Dithane  M  45  followed  by  Dithane  M  45  (0.2%) 
alone,  at  an  interval  of  15-20  days  starting  from  head/sprout  initiation  to  knob 
formation  stage  are  recommended  to  control  the  disease. 

Yellows:  The  disease  is  incited  by  Fusarium  oxysporum.  F.,  Conglutinas.  It  can 
infect  the  crop  at  any  stage  of  growth.  Leaves  turn  yellow,  die  and  their  dropping 
starts  from  lowest  leaves.  The  vascular  tissues  become  yellow  to  dark-brown  and 
plants  die  slowly.  It  is  a  soil-borne  disease  which  is  difficult  to  control.  The  answer 
lies  in  development  and  cultivation  of  resistant  varieties. 

Club  root:  This  disease  is  caused  by  Plasmodiophora  brassicae  and  is  more  com¬ 
mon  in  soil  having  pH  below  7  in  the  temperate  regions.  It  is  a  soil-borne  disease. 
Small  spindle-like  spherical  club-shaped  swellings  on  root  and  rootlets  are  charac¬ 
teristic  signs  of  the  disease.  Yellowish  foliage,  flagging  and  wilting  of  plants  are 
typical  symptoms  of  this  disease.  It  is  not  common  in  India.  Disease  can  be  mini¬ 
mized  by  liming  the  soil  to  raise  its  pH  above  7.  Nursery  growing  area  can  be 
treated  with  Pentachloronitrobenzene,  Chloropicrin,  Cynamide  and  Formalin  ap¬ 
proximately  two  weeks  before  sowings.  Crop  rotation  and  cultivation  of 
resistant  varieties  are  the  only  answer.  Sprouting  broccoli  Sexafire  has  been  re¬ 
ported  resistant  to  this  disease  at  Oregon  State  University. 

Black  Rot:  It  is  caused  by  Xanthomonas  campestns  pv.  campestris  and  is  destruc¬ 
tive  in  subtropical  and  warm  temperate  areas  of  the  world.  The  disease  does  not 
spread  below  5°C  and  above  36°C.  The  characteristic  symptom  is  the  production 
of  V-shaped  chlorosis  on  the  margin  of  leaves,  however,  in  susceptible  cultivars 
blackening  of  veins  and  internal  leaf  chlorosis  have  been  observed.  The  bacterium 
i  transmitted  by  seed  though  it  can  survive  for  at  least  a  year  in  diseased  plant 
debris  and  surviving  plants  of  crucifers.  Hot  water  seed  treatment  of  52  T2  C  for 
30min  is  the  only  satisfactory  method  available  to  check  the  seed-borne  infection. 
Stray  plants  should  be  destroyed  in  order  to  avoid  secondary  spread.  The  spraying 
of  Streptocycline  at  100-200ppm  is  also  effective  to  check  the  spread  of  disease. 

Bacterial  soft  rot:  It  is  incited  by  Erwinia  carotovora  and  can  attack  the  crop  at 
any  stage  of  growth.  It  can  only  invade  the  host  through  an  injury  which  may  be 
mechanical  or  by  some  fungal  or  other  organism.  Spraying  of  the  standing  crop 
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with  100-200ppm  Streptocycline  or  Plantomycin  combined  with  Copper 
oxychloride  (0.3%)  proved  most  effective. 

PESTS 

Judicious  use  of  safe  pesticides,  modifications  in  agro-practices  and  other  inte¬ 
grated  approaches  need  to  be  followed  for  better  management  of  pests  in  these 
crops.  A  number  of  insects  have  developed  resistance  against  insecticides.  Most  of 
these  crops  are  used  as  salad  or  half  cooked  and  have  direct  bearing  on  health.  The 
common  pests  reported  to  damage  these  crops  are: 

Diamond  back  moth  (Plutella  xylostella ),  cabbage  head  borer  ( Hellula  undalis) 
cabbage  butterfly  (Pieris  brassicae),  Bihar  hairy  caterpillar  (Spilosoma  obliqua),  to¬ 
bacco  caterpillar  (. Spodoptera  litura )  and  cut  worms  ( Agrotis  spps).  Caterpillars  of 
these  insects  damage  the  crop.  Conventional  pesticides  are  ineffective  against  dia¬ 
mond  back  moth,  gram  caterpillar  and  tobacco  caterpillar.  Spray  of  Cartap  hydro¬ 
chloride  followed  by  neem-seed-kernel-extract  (5  :  1000  w/v)  were  found  effec¬ 
tive.  Need  based  sprays  of  Endosulfan  0.2%  have  also  been  recommended  since 
these  are  not  harmful  to  parasitoids  complex.  In  case  of  cabbage  butterfly,  weekly 
sprays  of  Dipel  @0.5kg/ha  were  found  very  effective.  Most  of  the  insecticides  are 
found  effective  against  caterpillars  of  this  insect.  Cabbage  cut  worm  damage  the 
crop  in  nursery  stage  or  immediately  after  transplanting.  It  can  be  controlled  by 
applying  Meparathion  (2%  dust)  @5kg  a.i.  ha  after  3—4  days  of  transplanting  around 
each  plant.  Spraying  of  Endosulfan  is  also  effective.  Nymph  and  adults  of  cabbage 
aphids  (. Brevicoryne  brassicae),  potato  aphids  (Myzus persicae),  mustard  aphid  (. Lipaphis 
erysimi)  and  cabbage  thnps  (Tbnps  tabaci)  also  attack  the  crops.  Aphids  are  caus¬ 
ing  more  damage  in  the  case  of  Brussels  sprouts.  Aphids  and  thnps  can  be  easily 
controlled  by  giving  need  based  sprays  of  Endosulfan  0.2%.  Endosulfan  is  also 
considered  safe  for  useful  parasites. 
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( Raphanus  sativus  L.) 

S  Natarajan  and  D  Veeraragavathatham 


It  is  a  root-cum-leafy  vegetable  suitable  for  tropical  and  temperate  climate.  The 
leaves  and  roots  are  consumed  both  as  salad  and  as  cooked  vegetable.  The  area 
under  radish  in  India  is  40,675ha  with  an  annual  production  of  8.05  lakh  tonnes. 
The  radish  roots  are  good  appetizer.  The  different  preparations  of  radish  are  useful 
in  curing  liver  and  gall  bladder  problems.  Roots  are  used  in  treating  urinary 
complaints  and  piles.  The  juice  of  fresh  leaves  is  useful  as  diuretic  and  laxative. 

Origin,  distribution  and  botany 

Though  Europe  was  considered  as  original  home  of  radish,  the  variability  existing 
among  the  cultivated  forms  in  morphology  and  ecology  signifies  the  multicentre 
origin  of  this  crop.  A  few  important  wild  species  available  in  Mediterranean  region 
are  considered  to  be  the  probable  progenitors  of  European  radish.  Japanese  type 
would  have  originated  from  the  wild  species  that  remain  in  the  coastal  regions  of 
Japan.  The  cultivated  radish  includes  small  cool  season  radish,  large  widely  adapted 
radish,  rat-tail  radish  and  fodder  radish  and  all  these  belong  to  Raphanus  sativus  L. 
with  a  chromosome  number  of  2n-18.  Radish  is  an  annual  or  biennial  herb.  It  has 
a  rosette  of  leaves,  which  may  vary  in  size  from  10-45cm  depending  on  the  variety. 
The  edible  portion  of  radish  root  develops  from  both  primary  root  and  the 
hypocotyl.  It  is  a  cross  pollinated  vegetable  due  to  sporophytic  system  of  self¬ 
incompatibility.  The  mode  of  pollination  is  entomophilous.  It  shows  considerable 
inbreeding  depression  upon  selfing. 

The  main  objectives  in  the  crop  improvement  of  radish  would  be  early  rooting, 
high  root  yield  and  long/stump  and  non-branching  roots.  The  roots  should  be 
non  pitting.  Pungency  of  roots  should  be  according  to  consumer  preference.  The 
variety  should  show  bolting  habit,  resistance  to  Altemana  blight  and  white  rust. 
Besides  this,  specific  varieties  are  developed  for  high  temperature-tolerance.  Mass 
selection  is  done  in  open  pollinated  material  from  the  crop  raised  in  farmers  field. 
Selection  of  single  large  non-pitting  roots  is  made  and  seeds  are  produced  in  isolation 
enmasse.  Hybridization  includes  production  of  hybrids  through  single,  double  or 
three  way  cross. 
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VARIETIES 

Asiatic  varieties 

Pusa  Desi:  It  is  a  selection  from  a  local  material  developed  at  IARI,  New  Delhi. 
Roots  are  30-35cm  long  tapering  pure  white  with  green  tops  and  pungent  taste. 
Tops  have  green  cut  leaves.  This  variety  is  suitable  for  sowing  from  mid-August  to 
early  October. 

Pusa  Reshmi:  Suitable  for  main  season  (mid-September  to  early  October).  Roots 
mildly  pungent,  30-35cm  long,  white  with  green  shoulder  tolerant  to  slightly  higher 
temperature.  It  takes  55—60  days  for  root  production. 

Pusa  cbetki:  Developed  by  selection  from  a  Denmark  introduction;  suitable 
for  growing  in  hotter  months,  i.e.  middle  of  March  to  middle  of  August  when  no 
other  variety  can  be  grown  successfully;  roots  medium,  long  stumpy,  pure  white 
and  mildly  pungent  with  soft  texture.  Leaves  are  dark-green  entire  with  slight  lobing 
and  upright. 

Japanese  White:  An  introduction  from  Japan  and  recommended  by  IARI 
Regional  Station  Katrain;  suitable  for  sowing  from  October-December.  Roots  are 
25-30cm  long,  5cm  in  dia,  cylindrical  blunt  at  the  tip.  Skin  pure  white,  flesh  snow- 
white  crisp,  mildly  pungent,  leaves  deeply  cut. 

Punjab  Safed:  A  derivative  of  the  cross  White  5  x  Japanese  White.  Roots  33- 
40cm  long  smooth  and  white,  foliage  light  green.  It  takes  50-60  days  for  root 
formation. 

CO  1.  A  selection  RS  44-1  developed  at  Tamil  Nadu  Agricultural  University. 
Coimbatore.  Roots  milky  white,  less  pungent,  23cm  long  and  cylindrical.  Suitabli 
for  growing  in  plains  in  all  seasons.  It  also  sets  seeds  in  plains.  It  has  a  potentia; 
yield  of  9-10  tonnes/ha  in  45  days  crop  duration. 

Arka  Nishant:  An  improvement  over  a  collection  IHR72  from  Singapore 
developed  at  IIHR,  Bangalore  after  10  cycles  of  mass  selection.  Roots  are  long 
marble-white  crisp  in  texture  with  mild  pungency.  Resistant  to  pithiness,  pre-mature 
bolting,  root  branching  and  forking.  It  sets  seeds  freely  in  plains. 

Chinese  Pink:  An  introduction  identified  by  Dr  Y  S  Parmar  University  of 
Horticulture  and  Forestry,  Naum  (Solan).  Roots  are  12-15cm  long  pink  with  white 
towards  tip,  semi-stumpy  to  stumpy.  It  takes  50-55  days  for  root  formation. 

Temperate  varieties 

White  Icicle:  A  table  variety,  roots  12-1 5cm  long  2-3cm  in  dia,  icicle-shaped, 
mildly  pungent,  flesh  cnsp-icy-white  sweet.  It  takes  30  days  for  harvest. 

Pusa  Himani:  Developed  at  IARI  Regional  Station,  Katrain  through 
hybridization  between  Black  and  Japanese  White;  suitable  for  December-February 
sowing  when  no  other  variety  can  form  such  good  roots.  In  hills  it  is  the  only 
variety  which  can  be  grown  throughout  the  year  barring  3  winter  months,  viz. 
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November-January.  Roots  30-35cm  long,  semi-stumpy,  pure  white  with  whitish- 
green  shoulder,  mildly  pungent,  crisp  with  sweet  flavour.  Tops  with  green  cut 
semi-erect  leaves. 

Rapid  Red  White  Tipped:  It  is  a  table  type.  Roots  small  globular,  bright-red 
with  white  tip.  Flesh  pure  white  crisp  with  mild  pungency.  It  is  ready  for  harvest  in 
21  days.  Suitable  for  November-December  sowing  in  plains. 

Scarlet  Globe:  Root  round  small  with  2cm  dia,  bright-red;  flesh  crisp  and  white; 
takes  25-30  days  from  sowing  to  root  formation.  Delayed  harvest  will  result  in 
pithiness. 

Scarlet  Long:  Roots  long  tapering  to  a  point  with  red  skin.  Flesh-white  and 
crisp. 

Soil,  climate  and  season  of  sowing 

Radish  is  predominantly  a  cool  season  crop  but  Asiatic  types  can  tolerate  high 
temperature  than  temperate  types.  The  roots  develop  best  flavour,  texture  and  size 
at  cooler  temperature  range  of  10°— 15°C.  A  long  day  as  well  as  high  temperature 
will  result  in  bolting  before  proper  root  development.  The  roots  also  become 
hard,  pithy  and  pungent  during  hot  weather.  The  crop  that  is  grown  during  main 
season,  viz  mid  September  to  early  October  does  not  require  any  special  technique. 
But  in  respect  of  summer  and  spring  season  crops  the  right  cultivar  should  be 
selected  and  sown  at  the  proper  season.  Though  radish  can  be  grown  on  nearly  all 
types  of  soils,  light  friable  loam  soil  are  found  to  be  the  best.  Heavy  soils  should  be 
avoided. 


CROP  PRODUCTION 

In  northern  hills  the  seeds  are  usually  sown  in  the  first  fortnight  of  March  till  late 
October  or  beginning  of  November.  In  northern  plains  Asiatic  types  are  sown 
from  August-January.  European  types  are  sown  in  September-March.  The  best 
sowing  time  in  south  Indian  hills  is  from  April-June  and  in  plains  is  October- 
December.  About  9-1 2kg  of  seeds  would  be  required  to  sow  one  hectare.  For 
better  germination  and  early  quick  growth  seeds  can  be  subjected  to  2  cycles  of 
wetting  and  drying  at  22°C.  This  seed  hardening  encourages  absorption  of  water 
to  a  tune  of  25%  of  their  original  dry  weight. 

Asiatic  types  can  be  sown  at  a  spacing  of  45cm  on  one  side  of  the  ridges 
continuously.  Then  the  plants  can  be  thinned  to  get  a  spacing  of  6-8cm  within  a 
row.  European  cultivars  have  to  be  given  a  sp'acing  of  5-1 0cm  X  3cm.  The  sowing 
should  be  done  as  far  as  possible  on  the  surface  of  the  soil  and  covered  by  thin 
layer  of  soil  for  round  cultivars.  For  long  cultivars  the  seeds  have  to  be  sown  at  a 
depth  of  1.5-3cm. 
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Irrigation,  manuring  and  intercultural  operation 

To  encourage  quick  germination  of  seeds  and  early  vigorous  growth  as  well  as 
for  the  production  of  tender  joots,  radish  crop  has  to  be  irrigated  immediately 
after  sowing,  on  third  day  and  then  once  in  5-7  days.  Unlike  other  crops  radish 
roots  are  harvested  very  early.  So  judicious  application  of  N,  P  and  K  will  favour 
early  vegetative  growth  and  rapid  root  thickening  leading  to  quality  root  yield. 
Application  of  fresh  undercomposed  manures  will  result  in  forking  of  roots.  About 
20  tonnes  of  well  rotten  farmyard  manure  should  be  mixed  with  soil  during  field 
preparation  at  least  15  days  before  sowing.  Depending  upon  the  soil  fertility  and 
variety  a  quantity  of  80-1 00kg  of  N,  40-60kg  of  P  and  80-1 00kg  of  K  should  be 
applied  per  hectare.  For  better  growth  and  yield,  the  fertilizers  should  be  ploughed 
to  a  depth  of  25cm.  .The;  plants  should  be  thinned  to  required  spacing  as  soon  as 
the  seedlings  establish.  'Shallow  weeding  will  help  good  root  development.  Radish 
normally  tends  ^bj^lge  out  as  it  grows.  So  it  should  be  earthed  up  properly  so  as 
to  get  quality  roots; 

Plant  protection  v 

Radish  can  be  protected  from  damping  off  caused  by  Rhizoctonia  solani  by 
inoculating  the  soil  with  Trichoderma  harzianum  @  0.15g/kg  of  soil.  To  control 
Altemaria  blight  seed  treatment  with  hot  water  at  50°C  for  30  minutes  and  then 
with  Captan  @  2g/kg  are  recommended.  To  check  white  rust  caused  by  Albugo 
Candida,  spraying  Zineb  0. 2-0.3%  is  recommended.  Arka  Nishant  is  a  variety 
reported  to  be  resistant  to  white  rust.  Among  the  pests,  aphids  are  the  most  serious 
ones.  Spraying  Malathion  which  has  a  low  mammalian  toxicity  @  1  ml/litre  can 
control  this.  It  is  not  advisable  to  go  in  for  systemic  insecticides  for  radish  since  it 
is  harvested  at  the  shortest  duration  among  all  vegetables  and  consumed  as  salad 
too. 

Physiological  disorders  seen  in  radish  crop  are  hollow  root  wart,  Akashin  and 
pithiness.  High  temperature  during  16-30  days  of  sowing  inhibits  the  formation 
of  secondary  meristem  in  the  centre  of  roots  leading  to  development  of  intercellular 
spaces  which  would  otherwise  have  been  filled  with  parenchyma.  This  results  in 
the  hollow  root  formation.  Wart  is  a  physiological  disorder  which  is  a  white 
protrusion  of  white  inner  root  tissue  through  splits  in  skin  mainly  found  where 
there  is  soil-moisture  deficit.  Akashin  is  caused  by  boron  deficiency.  It  is  induced 
by  high  day  and  night  temperature  30°/20°C  as  well  as  by  low  soil-moisture.  The 
root  growth  is  severely  checked  by  boron  deficiency.  It  can  be  rectified  by  spraying 
l-2ppm  of  boron. 

Pithiness  of  root  is  more  in  summer  crop  than  spring  or  autumn.  It  is  more 
correlated  with  high  temperature  3  weeks  before  harvest.  Excess  application  of 
NPK  also  results  in  pithiness.  Soil-mdisture-stress  also  results  in  pithiness. 
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Harvest,  post-harvest  handling,  yield  and  storage 

Radish  roots  become  ready  for  harvesting  in  25-55  days  depending  upon  the 
variety.  European  cultivars  which  are  quite  early,  viz.  ready  in  25-30  days  if  left 
unharvested  will  become  bitter  and  pithy.  A  light  irrigation  has  to  be  given  before 
harvest  of  roots  to  facilitate  easy  harvest.  As  far  as  possible  mechanical  damage  to 
roots  is  to  be  avoided  while  harvesting.  The  roots  should  be  washed,  graded  and 
packed.  The  root  yield  varies  from  15-20tonnes/ha  in  Indian  varieties  and  5- 
7tonnes/ha  in  small  rooted  European  varieties  like  White  Icicle,  Scarlet  Globe  and 
Rapid  Red  and  White  Tipped.  Under  ambient  temperature  radish  roots  can  be 
stored  only  for  2  days.  But  at  0°-l°C  and  90-95%  relative  humidity  they  can  be 
stored  for  even  two  months. 


Carrot 

(Daucus  carota  L.) 

S  Natarajan  and  D  Veeraragavathatham 

Carrot  is  a  popular  cool  season  root  vegetable  cultivated  in  temperate  countries 
mainly  during  spring  and  summer  season  while  in  tropical  region  during  winter 
season.  The  area  under  carrot  in  India  is  reported  to  be  22,538  ha.  with  an  annual 
production  of  4.14  lakh  tonnes. 

Carrot  roots  are  used  as  salad,  cooked  vegetable  and  in  preparation  of  soups, 
stews  etc.  A  sweet  preparation  called  Gajar  halwa  is  a  very  famous  dish  in  north 
India.  Carrot  juice  is  a  rich  source  of  carotene.  Carrot  is  also  used  in  the  preparation 
of  pickle,  it  is  also  canned.  It  is  exported  in  the  form  of  fresh  root  to  countries  like 
Kuwait  and  Sharjah. 

Origin,  distribution  and  taxonomy 

South-western  Asia  especially  Afghanistan  is  considered  to  be  the  main  centre 
of  origin  of  this  crop  as  the  largest  morphological  diversity  has  been  found  to 
occur  in  this  region.  Similarly  the  wild  forms  are  also  seen  in  Europe.  From  these 
two  centres  two  separate  types  of  carrot  originated  and  their  spread  to  different 
countries  throughout  the  world.  The  cultivated  carrot  ( Daucus  cavota  L.)  has  a 
chromosome  number  of  2n— 2x=18.  It  is  an  annual  herb  for  root  production  and 
a  biennial  for  flowering  and  seed  set.  The  stem  is  erect  branched,  30-1 20cm  high 
arising  from  a  thick  fleshy  tap  root  which  is  5— 30cm  long.  The  root  consists  of 
outer  core  and  inner  core.  The  outer  core  consists  of  a  thin  periderm,  a  layer  of 
cork  cells  and  a  relatively  wide  band  of  secondary  phloem.  In  this  region  only  the 
sugar  is  stored.  The  inner  core  has  the  secondary  xylem  and  pith.  The  shape  of  the 
root  can  vary  from  small  top  to  long  conical.  Colour  of  flesh 'may  be  white,  yellow, 
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orange,  red,  purple  or  dark-purple.  The  inflorescence  is  a  compound  umbel.  Carrot 
flower  is  protandrous. 

The  crop  improvement  aims  at  development  of  varieties  with  high  root  yield 
and  carotene  content  suitable  for  specific  temperature  conditions,  thick  fleshy 
roots  having  thin  self  coloured  core,  cylindrical  uniformly  tapering,  non-branching 
and  non-cracking  roots.  The  variety  should  also  have  slow  bolting  habit.  There  are 
two  distinct  groups  of  carrot,  viz.  tropical  or  Asiadc  and  temperate  or  European. 
The  temperate  types  form  roots  both  under  tropical  and  temperate  conditions  but 
set  seed  only  under  temperate  conditions  as  they  need  low  temperature  of  5°-8°C 
for  40-60  days  before  throwing  out  the  seed  stalks.  The  Asiatic  types  are  high 
yielding  and  produce  seed  under  tropical  conditions.  But  they  are  poor  in  carotene 
content  and  other  quality  attributes.  The  wild  forms  of  carrot  are  annual  but  the 
cultivated  types  believed  to  have  been  derived  from  the  wild  types  are  biennial. 

Breeding  methods  include  mass  selection  and  pedigree  selections  within  different 
populations.  The  other  method  is  hybridization  and  development  of  hybrids.  This 
is  generally  based  on  two  systems  of  cytoplasmic  male  sterility  with  different  genetic 
backgrounds  and  origin.  They  have  brown  anthers  (ba)  and  petaloid  stamen.  The 
brown  anther  type  (ba)  is  present  in  all  cultivated  orange  coloured  open  pollinated 
varieties.  The  cytoplasm  of  petaloid  type  (pt)  is  derived  from  a  wild  form  of  Daucus 
carota  L. 


Pusa  Meghali 
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VARIETIES 

Tropical  or  Asiatic  varieties 

Pusa  Kesar:  This  is  a  selection  from  a  cross  of  Local  Red  and  Nantes  Half  Long 
developed  at  IARI,  New  Delhi.  The  roots  are  scarlet  in  color  with  sufficiently  red 
coloured  core  unlike  the  local  tropical  cultivars  where  in  the  core  will  be  yellow  of 
white.  It  is  also  richer  in  carotene,  viz.  38mg/100g  of  edible  portion.  The  most 
desirable  feature  of  this  variety  is  that  roots  stay  for  about  a  month  longer  in  the 
fields  than  Local  Red  without  bolting.  It  sets  seeds  freely  in  the  plains.  Suitable  for 
sowing  from  early  September  to  early  November,  takes  about  80-90  days  from 
sowing  to  root  formation. 

Pusa  Megbali:  This  is  a  selection  from  a  cross  between  Pusa  Kesar  and  Nantes 
developed  at  IARI,  New  Delhi.  It  has  long  orange  coloured  tapering  roots  with 
self-coloured  cores.  The  roots  are  rich  in  carotene  content  (11571  lu/lOOg).  This 
variety  is  capable  of  seed  setting  in  plains. 

Sel.No.  29:  A  selection  made  from  a  local  material  by  Punjab  Agricultural 
University.  Roots  are  long,  tapering,  thin  and  light-red  in  colour. 

Sel.No.  233:  It  is  a  derivative  of  a  cross  Nantes  x  No.  29  and  released  by  Punjab 
Agricultural  University.  Roots  are  long  smooth,  semi-cylindrical  orange  with  light- 
orange  coloured  core.  Takes  90-100  days  for  root  formation. 

Temperate  or  European  types 

Nantes  Half  Long:  It  is  an  introduction  recommended  by  IARI  Regional  Station, 
Katrain.  Suitable  for  sowing  during  winter  months.  Roots  are  cylindrical  stumpy, 
well  shaped  with  abrupt  tail,  orange  scarlet  in  color  with  self-coloured  core.  Flesh 
is  sweet  with  good  flavour.  It  takes  about  110-120  days  for  the  production  of 
roots. 

Early  Nantes:  Roots  are  almost  cylindrical  terminating  abruptly  in  small  thin 
tail,  12-1 5cm  long,  orange  flesh  with  self-coloured  core.  It  takes  90-100  days  for 
root  formation. 

Cbantenay:  It  is  an  excellent  cultivar  for  canning  and  storage.  Roots  are  11- 
15cm  long,  3-5cm  broad  with  tapering  to  blunt  end.  The  cortex  is  deep-orange 
with  self-coloured  core. 

Danvers:  A  mid-season  cultivar  suitable  for  fresh  market  and  processing.  The 
roots  have  deep-orange-cortex  and  yellow  core. 

Zeno:  It  was  introduced  from  Germany  in  the  Nilgiris  hills  of  Tamil  Nadu  by 
the  State  Department  of  Horticulture.  The  roots  are  deep-orange  with  self-coloured 
core.  It  takes  110-120  days  for  root  formation. 

Ooty  1:  Developed  at  Horticultural  Research  Station,  Ooty  of  Tamil  Nadu 
Agricultural  University.  Roots  are  deep-orange  with  self-coloured  core. 

Pusa  Yamadagni:  Developed  at  IARI  Regional  Station,  Katrain  by  hybridization 
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between  EC  9981  and  Nantes.  Roots  are  1 5—1 6cm  long  orange  with  self-coloured 
core  slightly  tapering  with  stumpy  to  semi-stumpy  ending.  It  is  earlier  by  a  week  or 
10  days  than  Nantes. 

Soil,  climate  and  season  of  sowing 

A  deep  well  drained  loose  loamy  soil  would  be  very  ideal  for  the  growth  and 
development  of  carrot  roots.  When  the  soil  is  hard  it  does  not  permit  both  the 
formation  and  further  normal  growth  with  the  result  the  roots  will  be  rough  and 
coarse.  The  best  soil  pH  would  be  6. 6-7.1.  Soil  pH  more  and  less  than  above  range 
will  lead  to  reduction  in  yield.  The  optimum  temperature  would  be  18-22°C  for 
root  formation  while  germination  of  seed  can  take  place  within  a  wide  range  of 
temperature,  viz.  7.2°— 23.9°C.  Tropical  types  can  form  roots  even  at  a  higher 
temperature  of  25°C. 


CROP  PRODUCTION 

For  the  best  crop,  the  soil  should  be  thoroughly  pulverised  so  as  to  obtain  a  fine 
tilth.  Otherwise  it  will  result  in  deformed  roots.  The  seeds  can  be  sown  in  flat  beds 
at  a  spacing  of  20cm  or  on  both  the  sides  of  the  ridges  formed  at  a  spacing  of  30- 
40cm.  The  seed  requirement  is  5— 6kg/ha.  The  seeds  should  be  rubbed  to  remove 
the  fine  hairs  before  sowing.  The  seeds  can  be  mixed  with  sand  and  drilled  along 
the  line.  A  spacing  of  5cm  can  be  allowed  between  plants  within  the  row.  Thus  a 
population  of  100-130  has  to  be  maintained  per  square  metre.  To  remove  the 
inhibitor  present  in  the  seeds,  treatment  of  seeds-  by  soaking  in  water  at  20  C  for 
24  hours  and  then  drying  at  20°C  has  given  encouraging  results.  Seeds  should  be 
sown  not  deeper  than  1cm. 

Irrigation,  manuring  and  intercultural  operations 

To  help  the  seeds  absorb  moisture  and  germinate,  a  pre-sowing  irrigation  is  to 
be  given.  For  effective  weed  control  a  pre-emergent  application  of  1.12kg  of 
Propazine  or  2.24kg  to  4.48kg  of  Amiben/ha  has  to  be  done.  Like  radish,  carrot 
also  requires  irrigation  at  frequent  interval.  Irrigation  once  a  week  has  been  found 
to  be  better.  Frequent  irrigation  encourages  the  growth  of  main  root  and  prevents 
secondary  root  development.  For  better  yield  the  carrot  crop  should  be  supplied 
with  adequate  quantity  of  nutrients.  A  quantity  of  20-30  tonnes  of  farmyard 
manure/ha  should  be  applied  at  the  time  of  field  preparation.  The  crop  needs  40- 
50kg  of  N,  40-50kg  of  P  and  80-100kg  of  K/ha.  Half  the  dose  of  N  and  full  dose 
of  P  and  K  are  applied  as  basal  dressing.  The  remaining  half  dose  of  N  has  to  be 
applied  at  first  hoeing,  viz.  30—35  days  after  sowing.  When  excess  of  N  is  applied 
the  quality  of  root  like  sugaf,  dry-matter,  carotene  and  vitamin  C  suffer  to  a 
significant  extent.  It  also  affects  the  storage  quality  of  the  roots. 
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Plant  protection 

A  few  species  of  insects  attack  the  carrot  crop.  Carrot  rust  fly  whose  maggots 
burrow  into  the  roots  result  in  unmarketable  root.  Controlling  the  weeds  and 
intercropping  with  shallot  or  chive  can  reduce  the  incidence.  Turnip  moth  (Agrotis 
segetum)  can  be  controlled  by  spraying  Acephate  1.5kg/ha.  Fungal  diseases  like 
Cercospora  leaf  blight  and  soft  rot  can  be  checked  by  providing  proper  drainage. 
Seed  treatment  with  hot  water  at  50°C  for  15  minutes  will  be  a  very  effective 
prophylactic  measure  not  only  to  control  these  fungal  diseases  but  also  the  bacterial 
blight. 

Other  physiological  disorders  of  carrot  are  forking,  splitting  and  cavity  spot. 
Forking  results  when  the  hard  soil  does  not  allow  straight  growth.  Splitting  of 
roots  occurs  when  there  is  a  sudden  change  in  the  soil-moisture  status  and  also  in 
the  case  of  heavy  application  of  nitrogen.  Cavity  spot  is  primarily  induced  by  calcium 
deficiency.  It  appears  as  a  cavity  in  the  cortex,  in  most  cases  the  subtending  epidermis 
collapses  to  form  a  pitted  lesion. 

Harvest  and  post-harvest  handling 

Harvesting  at  correct  maturity  is  an  important  point  to  be  considered  in  carrot 
cultivadon  otherwise  the  roots  will  become  unfit  for  consumption.  Delay  in  harvest 
will  lead  to  more  firmness  of  root  as  well  as  splitting.  The  roots  attain  marketable 
stage  when  their  diameter  is  2-4cm  at  the  upper  end.  A  light  irrigation  has  to  be 
given  before  harvesting  so  that  the  pulling  of  the  root  without  any  damage  is 
facilitated.  The  yield  varies  from  20-25tonnes/ha  depending  upon  the  season  and 
variety.  Under  ambient  temperature  carrots  can  be  stored  only  for  2-3  days.  At  a 
temperature  of  0°-4.4°C  with  a  relative  humidity  of  93-98%  the  roots  can  be 
stored  in  good  conditions  even  for  6  months.  Excess  application  of  nitrogen  in  the 
field  will  increase  the  rotting  of  roots  during  storage. 


Beetroot 

{Beta  vulgaris  L.) 

S  Natarajan  and  D  Veeraragavathatham 

Beetroot  is  a  popular  root  vegetable  grown  mainly  for  its  fleshy  enlarged  roots. 
The  area  under  beetroot  in  India  is  about  5,000ha  with  an  annual  production  of 
90,000  tonnes.  The  swollen  roots  are  used  as  salad  and  cooked  vegetable.  They  are 
also  pickled  and  canned.  The  tender  leaves  and  young  plants  are  issued  as  greens 
(pot  herbs).  It  also  acts  as  a  source  of  sugar. 

Origin,  distribution  and  botany 

The  probable  origin  of  beetroot  is  Mediterranean  region  for  Beta  vulgaris  L. 
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ssp.  mantima  possibly  by  hybridization  with  B.  patula,  a  closely  related  species  of 
Portugal  and  the  Canary  Island.  B.  vulgaris  ssp.  mantima  has  been  found  to  grow 
wild  on  seashores  in  Britain  and  through  Europe  and  Asia  to  the  East  Indies.  The 
chromosome  number  of  cultivated  types  is  2n=2x=18. 

The  roots  are  thick  and  fleshy,  and  store  large  amounts  of  reserve  food. 
Morphologically,  the  upper  portion  of  root  develops  from  the  hypocotyl  and  the 
lower  portion  from  the  taproot,  from  which  the  secondary  roots  arise.  The  shape 
and  colour  of  root  vary  with  the  genotypes  and  are  also  influenced  by  temperature, 
soil,  nutrition  etc.  During  the  development  of  fleshy  roots,  vascular  tissues  and 
storage  parenchyma  tissues  are  formed  alternately,  which  results  in  concentric  rings 
and  are  visible  in  a  median  cross  section  of  mature  beetroot.  The  exterior  root 
colour  varies  from  orange-red  to  dark  purple-red  depending  on  the  cultivar,  while 
the  interior  colour  is  influenced  by  cultivar,  temperature,  season,  soil,  nutrition  etc. 
The  colour  of  root  is  due  to  the  presence  of  red-violet  pigment,  B-cyanms  and 
yellow  pigment,  B-xanthins.  The  root  system  is  extensive  with  taproot  penetrating 
to  a  depth  of  30cm.  The  strong  lateral  roots  grow  diagonally  for  a  distance  and 
then  downward  to  the  length  of  tap  root  which  contributes  to  the  drought-resistance 
nature  of  the  crop. 

The  leaves  are  often  ovate  and  cordate,  dark-green  or  reddish.  The  rosette  of 
leaves  develop  in  a  close  spiral  with  the  oldest  ones  on  the  outside.  The  size,  shape 
and  color  of  foliage  are  also  influenced  by  temperature,  season,  spacing  and  soil- 

moisture. 

The  inflorescence  is  a  large  spike,  which  normally  develops  in  the  second  year. 
The  flowers  are  almost  sessile,  arise  in  clusters  of  3-4  in  the  axils  of  bracts  of 
inflorescence  axis  and  its  secondary  branches.  The  flowers  are  small,  inconspicuous 
without  corolla,  but  with  green  calyx,  which  becomes  thicker  towards  base  as  the 
fruit  ripens.  The  flowers  have  five  stamens  and  three  stigma.  The  ovary  is  three 
carpellate,  but  has  only  one  ovule  per  ovary.  Fruits  are  mostly  aggregate  formed  by 
the  cohesion  of  two  or  more  fruits  and  held  together  by  swollen  perianth  (calyx) 
base  and  thus  forming  an  irregular  dry  cork-like  body  known  as  seedball  or  seed. 
The  true-seed  is  small  about  3  mm  long,  kidney-shaped  and  shiny  to  reddish- 
brown  in  color.  The  seedball  contains  more  than  one  seed,  which  is  viable  for  5- 

6  years  under  normal  storage  conditions. 

The  main  objectives  of  breeding  of  beetroot  are  developing  varieties,  (l)  resistant 
to  early  bolting;  (ii)  having  good  quality  with  dark-red  flesh,  round  and  high  sugar 
content  and  (iii)  which  can  set  seeds  both  in  hills  and  plains.  As  in  other  cross 
pollinated  vegetables  beet  root  also  exhibits  inbreeding  depression.  The  main 
method  of  breeding  adopted  is  mass  selection.  After  selection  of  roots  based  on 
morphological  traits  they  are  replanted  to  produce  seeds.  The  seeds  will  be  collected 
and  bulked  for  further  testing. 
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Varieties 

Based  on  the  shape  of  roots,  beetroot  varieties  are  classified  into  five  groups, 
viz.  flat,  short  top,  round  or  globular,  half-long  and  long.  The  following  cultivars 
are  recommended  for  commercial  cultivation  in  India. 

Detroit  Dark  Red:  Roots  are  perfecdy  round  with  smooth,  uniform,  deep-red 
skin.  Flesh  dark-blood-red  with  light-red  zoning,  tender  and  fine  grained,  tops 
small,  leaves  dark-green  tinged  with  maroon.  It  is  a  heavy  yielding  cultivar  maturing 
in  80-100  days. 

Crimson  Globe:  Roots  globular  to  flattened,  medium  red  with  small  shoulders, 
flesh  medium,  dark-crimson-red  with  indistinct  zoning,  top  medium  to  tall,  large 
bright-green  leaves  with  maroon  shades. 

Crosby  Egyptian:  Roots  are  flat  globe  with  a  small  tap  root  and  a  smooth  exterior. 
The  internal  color  is  dark-purplish-red  with  some  indistinct  zoning.  The  top  is 
medium  tall,  green  with  red  veins.  This  cultivar  matures  in  55-60  days  after  sowing 
and  shows  pronounced  white  zoning  in  warm  weather. 

Early  Wonder:  Roots  are  flattened  globe  with  rounded  shoulders  and  a  smooth, 
dark-red  skin. 

Ooty  1:  It  is  a  selection  from  the  local  type.  It  is  a  high  yielding  variety  with  a 
potential  of  31-45  tonnes  per  hectare.  The  skin  is  thin  and  the  flesh  colour  is 
blood-red.  The  duration  from  sowing  to  harvest  is  120-130  days.  It  is  suitable  for 
growing  in  south  Indian  hills. 

Soil,  climate  and  season  of  sowing 

Deep,  well  drained  loams  or  sandy  loams  are  highly  suitable  for  beetroot 
cultivation.  In  heavy  soils,  the  roots  produced  would  be  asymmetrical  in  shape. 
Further,  heavy  soils  become  hard  and  form  a  crust  on  the  surface,  which  affects 
the  seed  germination  resulting  in  poor  stand  of  crop.  Beetroot  grows  well  in  a  soil 
pH  of  6-7  and  acid  soils  with  pH  below  5.8  affect  the  yield.  It  can  be  grown  in 
saline-alkaline  soils  but  in  alkaline  soils  the  scab  will  seriously  affect  the  crop. 

Beetroot  can  be  grown  in  cool  and  warm  climates.  It  is  a  crop  that  tolerates 
freezing  to  some  extent  and  comes  up  well  in  the  plains  of  India  during  winter. 
The  roots  develop  good  color,  texture  and  quality  under  cool  weather  conditions. 
Under  high  warm  weather,  zoning  is  caused  which  is  marked  by  the  appearance  of 
alternating  light  and  dark-red  concentric  circles  in  the  root.  A  temperature  of  4.5°- 
10°C  for  15  days  or  more  may  induce  pre-mature  bolting.  The  crop  requires 
abundant  sunshine  for  good  development  of  roots. 

CROP  PRODUCTION 

The  field  should  be  ploughed  15-20cm  deep  followed  by  hoeing  to  get  pulverised 
soils.  The  soil  surface  should  be  smooth  and  loose,  and  free  from  clods.  Application 
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of  well  decomposed  farmyard  manure  or  compost  at  the  last  ploughing  is  essential. 
The  seeds  usually  contain  one  or  more  seeds  and  are  called  ‘seedballs’.  The  seedballs 
are  sown  at  the  rate  of  7-9kg/ha  adopting  a  spacing  of  45-60cm  x  8-10cm. 
Thinning  is  practised  to  maintain  the  intra-row  spacing  and  optimum  population. 
The  cultivars  with  small  tops  can  be  given  under  lesser  spacing  than  those  with  large 
tops.  The  seeds  are  sown  at  a  depth  of  about  2.5cm  to  ensure  good  germination. 

In  India,  beetroot  is  sown  in  March-July  in  the  hills  and  during  September- 
November  in  the  northern  plains.  In  the.  southern  plains,  the  sowing  is  taken  up 
from  July-November.  If  the  temperature  is  high  during  sowing,  the  roots  produced 
would  be  coarse  with  woody-flesh  and  dull-colour.  Staggered  sowing  with  regular 
intervals  of  one  or  two  weeks  would  provide  steady  supply  throughout  the  season. 
The  protective  corky  coat  of  the  seedball  restricts  water  and  gaseous  movement 
during  germination  of  seeds  besides  containing  germination  inhibitors.  Removal 
of  corky  layer  or  pre-sowing  soaking  in  water  normally  helps  in  improving 
germination. 

Irrigation,  manuring  and  intercultural  operations 

A  constant  water  supply  is  essential  for  quick  seed  germination  and  high  yield 
of  quality  roots.  The  crop  requires  300mm  of  water,  which  can  be  supplied  through 
5-7  irrigations.  During  rainy  season,  the  irrigations  can  be  reduced  according  to 
the  need.  Excess  water  supply  should  be  avoided. 

In  beetroot,  uninterrupted  rapid  plant  growth  is  necessary  for  best  quality  roots. 
The  form  and  amount  of  nutrients  vary  with  the  soil  type  and  nutrient  status  of 
soil.  A  basal  dose  of  25  tonnes  farmyard  manure  per  hectare  should  be  applied  at 
last  ploughing.  To  obtain  high  yield,  70kg  of  nitrogen,  110kg  of  phosphorus  and 
70kg  of  potassium  per  hectare  should  be  applied.  Half  the  dose  of  N  and  full  of  P 
and  K  can  be  applied  as  basal  dressing,  and  the  remaining  half  N  has  to  be  applied 
as  top  dressing  25  days  after  sowing. 

In  beetroot,  each  seedball  produces  2-6  plants  and  hence  thinning  is  essential. 
Hand  thinning  is  usually  followed  and  delayed  thinning  can  be  done  to  get  large 
number  of  roots,  which  can  be  marketed.  The  roots  grown  for  processing  are 
normally  not  thinned  because  of  high-cost  of  labour  and  preference  for  small  beets. 
Two  thinnings  can  be  followed  to  maintain  the  optimum  plant  to  plant  spacing 
within  the  row.  Gap  filling  has  to  be  taken  up  to  maintain  optimum  population  in 
poorly  germinated  crop.  Weeding  and  earthingup  are  done  to  cover  the  swollen 
roots. 


PLANT  PROTECTION 

Pests 

The  maggots  of  leaf  miner  affect  the  crop  by  mining  the  leaf  area  in  between 
upper  and  lower  surface.  Removal  of  assessed  leaves  and  spraying  systemic  insecticide 
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like  Rogor  can  keep  this  pest  under  check.  Besides  this  web  worms  and  semiloopers 
also  affect  the  crop.  Among  the  diseases  leaf  spot  caused  by  Cercospora  beticola 
and  downy  mildew  are  important.  To  control  leaf  spot  disease,  copper  oxychloride 
can  be  sprayed  @  0.1%  while  to  contain  downy  mildew  0.3%  Indofil  Z78  can  be 
sprayed.  Viral  diseases  like  Beet  mosaic  yellows  are  transmitted  by  aphids  while 
curly  top  is  by  hoppers.  Destruction  of  affected  plants  and  control  of. vectors  can 
prevent  the  spread  of  these  viral  diseases. 

PHYSIOLOGICAL  DISORDER 

Internal  black  spot  or  brown  heart  or  heart  rot 

This  disorder  is  caused  due  to  boron  deficiency.  The  deficient  plants  usually 
remain  dwarf  and  stunted.  The  leaves  are  smaller  than  normal.  The  young  unfolding 
leaves  fail  to  develop  normally  and  eventually  turn  brown  or  black  and  die.  The 
leaves  may  assume  a  variegated  appearance  due  to  development  of  mixture  of 
yellow  and  purplish-red  blotches  over  parts  or  whole  while  the  stalk  of  such  leaves 
shows  longitudinal  splitting.  Frequently,  the  affected  plant  has  twisted  leaves  and 
exhibits  a  slight  shortening  and  distorting  of  its  leaf-stalk  in  the  centre  of  its  crown. 
The  growing  point  may  die  and  decay.  The  roots  do  not  grow  to  full  size  and 
under  severe  deficiency  they  remain  very  small  and  distorted  and  have  a  rough 
unhealthy,  greyish  appearance  instead  of  being  clean  and  smooth.  Their  surfaces 
are  often  wrinkled  and  cracked.  Within  the  fleshy  roots,  hard  or  corky  spots  are 
found  scattered  throughout  the  roots,  but  more  numerous  on  the  light  coloured 
zones  or  cambium  layers. 

The  boron  deficiency  is  common  in  alkaline  soils  or  on  soils  relatively  high  in 
calcium.  Over-liming  often  brings  about  boron  deficiency.  Soil  application  of  borax 
may  control  the  disorder.  The  quantity  of  borax  varies  from  5-50kg/ha  with  nature 
of  soil,  soil-moisture  and  soil  reaction. 

Yield 

The  average  yield  varies  from  25-30tonnes/ha.  The  beets  store  well  at  a 
temperature  of  0°C  and  a  relative  humidity  of  90%. 

Harvest  and  post-harvest  handling 

The  beets  are  harvested  when  they  attain  a  diameter  of  3-5cm.  The  plants  are 
usually  pulled  by  hand,  tops  are  removed,  the  roots  are  washed  and  graded  according 
to  size.  In  developed  countries,  mature  roots  are  mechanically  harvested,  detopped, 
washed,  graded  and  packed  in  polythene  bags.  Removal  of  tops  and  packing  in 
polythene  increase  the  shelf-life  by  reducing  water-loss  during  transit  and  storage. 
The  oversized  beets  become  tough  and  woody  with  cracks  on  the  surface,  which 
are  not  preferred. 
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Turnip 

(Brassica  rapa  L.) 

S  Natarajan  and  D  Veeraragavathatham 

Turnip  is  an  important  root  vegetable  grown  as  a  summer  crop  in  temperate  climate 
and  as  a  winter  vegetable  in  subtropical  places  where  the  winter  is  not  severe.  It 
can  be  grown  at  an  elevation  of  1,500m  msl  or  above  but  it  is  not  suitable  for 
growing  in  low  lands  of  wet  tropics.  In  India,  turnip  is  cultivated  in  an  area  of 
2,500ha.  with  an  annual  production  of  50,000  tonnes. 

Turnip  is  mainly  grown  for  its  enlarged  root.  The  thinned  seedlings  are  also 
used  as  greens.  The  fresh  roots  are  used  in  salads,  consumed  as  cooked  vegetable 
and  used  in  pickles.  The  young  leaves  are  rich  source  of  ascorbic  acid,  iron  and 
vitamin  A  and  are  used  as  greens. 

Origin,  distribution  and  botany 

Turnip  is  said  to  have  two  main  centres  of  origin.  The  Mediterranean  region  is 
thought  to  be  the  primary  centre  of  european  types,  while  eastern  Afghanistan 
with  adjoining  area  of  Pakistan  is  considered  to  be  another  primary  centre  with 
Asia  minor,  Transcaucacus  and  Iran  as  secondary  centres.  The  parents  of  cultivated 
turnip  are  found  wild  in  Russia,  Siberia  and  Scandinavia.  Turnip  has  a  chromosome 
number  of  2n=2x=20. 

The  fleshy  thickened  underground  portion  of  turnip  is  actually  the  hypocotyl. 
The  colour  and  shape  of  this  underground  portion  vary  with  the  cultivars  and  the 
roots  are  flat  through  globular  to  top-shaped  and  long.  The  colour  of  below  ground 
portion  may  be  white  or  yellow,  while  that  of  above  ground  portion  may  be  red, 
purple,  white,  yellow  or  green.  A  distinct  tap  root  and  secondary  roots  arise  from 
the  lower  part  of  the  swollen  hypocotyl.  Thickening  begins  in  the  central  part  of 
the  hypocotyl,  followed  by  the  upper  and  lower  parts.  Normally  the  roots  attain 
edible  maturity  in  40-80  days  depending  on  cultivar  and  cultural  conditions. 

The  leaves  and  petioles  are  hairy  and  coarse,  and  yellowish-green  in  colour.  The 
leaves  are  oblong  to  oval  and  may  be  entire,  serrate  or  even  pinnate  depending  on 
cultivar  and  time  of  development;  leaves  formed  early  are  less  likely  to  be  pinnate. 
The  leaves  developing  on  inflorescence  are  alternate,  oblong  or  lanceolate  and 
entire  or  dentate.  The  inflorescence  is  a  terminal  raceme  on  the  main  stem. 

The  breeding  objectives  of  turnip  include  (i)  improvement  of  uniformity  in  size 
and  shape,  (ii)  developing  cold-tolerant  and  aphid-resistant  types,  (iii)  inducing 
resistance  to  club  root  and  (iv)  combining  good  qualities  of  both  Asiatic  and 
European  types. 

Mass  selection  is  commonly  adopted  for  turnip  improvement.  Plants  from 
selected  roots  are  allowed  mass  pollination  in  isolation. 
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Since  turnip  has  strong  sporophytic  system  of  self  incompatibility,  there  is  no 
need  for  emasculation.  Crosses  can  be  made  by  enclosing  flower  heads  from  two 
compatible  plants  in  a  muslin  bag  with  flies  as  polbnators.  Before  enclosing  two 
flower  heads  in  one  bag,  open  flowers  if  any  should  be  removed.  Selfing  can  be 
achieved  by  application  of  fresh  pollen  on  decapitated  stigma.  Sodium  chloride 
and  Carbon  dioxide  can  also  be  used  for  overcoming  self-incompatibility. 

Varieties 

The  turnip  varieties  can  be  classified  into  two  groups  based  on  morphological 
characteristics  of  root  and  top  as  white-fleshed  and  yellow-fleshed.  In  white-fleshed 
group  purple  topped,  green  topped  and  white  topped  sub  groups  are  there  while 
in  yellow-fleshed  two  subgroups,  namely  purple  topped  and  yellow  topped  are 
there.  Each  subgroup  is  further  divided  into  flat,  globe,  long  and  half-long  types. 
The  third  distinct  group  is  foliage  cultivars,  eg.  Flat  Japan,  Shogoin,  Seven  Top.  In 
India  cultivars  of  both  Asiatic  and  European  types  are  cultivated  and  a  brief 
description  of  some  of  them  are  furnished  below. 

Pusa  Cbandrima:  Developed  by  hybridization  between  Asiatic  and  European 
types.  It  is  early  maturing  with  high  yield  and  possess  all  the  good  qualities  of  the 
European  type.  Roots  are  medium  to  large  in  size,  8-9cm  in  length  and  9-1  Ocm  in 
diameter.  The  tops  are  medium  but  not  so  deeply  cut.  The  skin  is  smooth,  pure 
white,  fine  grained  with  sweet  and  tender  flesh.  The  roots  attains  maturity  in  55- 
60  days  after  sowing.  It  is  a  temperate  or  biennial  cultivar  and  does  not  produce 
seeds  in  the  plains  of  India. 

Pusa  Swarnima:  Developed  by  hybridization  and  selection  by  involving  Asiatic 
(Japanese  white)  and  European  (Golden  Ball)  types.  It  matures  15  days  earlier  than 
Golden  Ball  and  yields  40%  more.  The  roots  are  flattish-round,  6-7cm  long  and 
7-8cm  in  diameter  with  creamy-yellow  skin,  flesh  amber  coloured,  fine  textured 
and  mild  flavoured.  Tops  are  medium  and  not  very  deeply  cut.  This  gives  more 
seed  yield  than  Golden  Ball.  It  matures  in  65-70  days. 

Pusa  Kanchan:  It  is  a  selection  from  the  cross  between  Local  Red  Round  (Asiatic) 
and  Golden  Ball  (European).  It  has  good  qualities  of  both  the  types.  The  skin  is 
red,  but  the  flesh  is  creamy-yellow  with  excellent  flavour  and  taste.  The  leaf  top  is 
shorter  than  the  Local  Red  Round.  It  is  earlier  by  10  days  than  Local  Red  Round, 
but  the  roots  can  be  kept  longer  in  the  field  without  being  spongy.  It  sets  seeds  in 
the  plains. 

Pusa  Swati:  It  is  an  Asiatic  cultivar  suited  for  sowing  in  October.  It  has  attractive 
white  roots.  It  produces  seeds  in  the  plains  of  India.  It  matures  in  45-50  days  after 
sowing  and  yields  20-30tonnes/ha. 

Purple  Top  White  Globe:  It  is  a  high  yielding  large  rooted  cultivar.  The  roots 
are  nearly  round,  upper  part  purple,  lower  portion  creamy,  flesh  is  white  firm, 
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crisp  and  mildly  sweet-flavoured.  The  top  is  small,  erect  with  cut  leaves.  It  is  adapted 
to  cooler  months. 

Golden  Ball:  The  roots  are  perfectly  globe-shaped,  medium  si2ed  and  smooth. 
It  has  bright  creamy-yellow  skin  and  pale,  amber  coloured  flesh  of  fine  texture  and 
flavour.  The  top  is  small  erect  and  with  cut  leaves. 

Early  Milan  Red  Top:  It  is  an  extra  early  and  high  yielding  cultivar  reaching 
maturity  in  45  days.  The  roots  are  deep  flat  with  purplish-red  tops  and  white 
underneath.  The  flesh  is  pure  white,  well-grained,  crisp  and  mildly  pungent.  The 
tops  are  very  small  with  4-6  sessile  leaves. 

Snowball:  It  has  a  duration  of  55  days.  Leaves  are  small  and  light-green.  Roots 
are  round  and  medium  si2ed,  flesh  light-yellow. 

Soil,  climate  and  season  of  sowing 

Turnip  can  be  grown  in  a  wide  range  of  soils.  A  moderately  deep,  friable,  fertile 
well  drained  soil  is  ideal.  Soils  with  high  clay  and  high  sand  should  be  avoided.  The 
optimum  soil  pH  is  5. 5-6. 8.  The  crop  requires  cool  or  moderate  climate.  It  can 
tolerate  frost  and  mildly  free2ing  temperature.  High  temperature  adversely  affects 
quality,  the  roots  become  woody,  tough  and  bitter  in  taste  in  hot  weather. 
Temperatures  below  10°C  induces  flowering.  The  most  favourable  weather  for  the 
development  of  root  is  10°-13°C  air- temperature  and  18°-23°C  soil-temperature. 
The  quality  of  roots  was  found  to  be  affected  by  environmental  conditions  and  a 
high  light  intensity  favours  ascorbic  acid  content. 

CROP  PRODUCTION 

The  land  should  be  ploughed  to  a  depth  of  15-20cm  and  the  soil  should  be  brought 
to  a  good  tilth.  The  soil  surface  is  made  smooth  and  loose  and  kept  free  from 
clods.  A  basal  dose  of  20  tonnes  of  farmyard  manure  or  compost  should  be  applied/ 
ha  at  the  last  ploughing  and  ridges  and  furrows  formed. 

Turnip  does  not  thrive  in  hot  weather  and  as  such  the  seeds  should  be  sown 
after  the  hot  spell  of  summer.  In  the  plains  of  northern  India,  the  sowing  is  taken 
up  from  September-December.  In  lower  hills,  seeds  are  sown  from  July-October 
while  in  higher  hills,  the  sowing  time  is  from  July-September.  The  seed  rate  is  3- 
4kg/ha  and  the  seeds  are  sown  on  the  ridges  at  a  depth  of  1.5-2.5cm.  The  row  and 
plant  spacings  of  30-45  and  7.5-1 5cm  respectively  should  be  adopted  to  get  higher 
yield.  Sowing  can  be  done  either  by  hand  or  by  seed  drills. 

Irrigation,  manuring  and  intercultural  operations 

Pre-sowing  irrigation  is  essential  for  better  germination  of  seeds.  The  water 
requirement  would  be  about  300mm.  In  general,  the  crop  is  irrigated  at  7  days 
intervals  till  harvest.  Turnip  requires  high  amount  of  N  and  P  similar  to  other  root 
crops.  Application  of  20  tonnes  of  farmyard  manure,  60-80kg  of  nitrogen  and  40- 
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50kg  each  of  phosphorus  and  potassium  per  hectare  will  help  increase  yield.  The 
nitrogen  should  be  applied  in  two  split  doses  with  half  as  basal  and  the  rest  as  top 
dressing  at  the  time  of  root  formation. 

Thinning  is  important  in  turnip  to  maintain  optimum  plant  to  plant  spacing 
and  required  population.  The  plants  are  thinned  to  a  spacing  of  7.5-1 5cm  with  in 
the  row  which  will  help  improve  the  size  and  quality  of  roots.  Weeding  should  be 
done  according  to  the  need  to  keep  the  growth  unchecked.  The  plants  should  be 
earthed  up  25-30  days  after  sowing  at  the  time  of  top  dressing  of  fertilizer. 

PLANT  PROTECTION 

Pests 

Aphids,  mustard  saw  fly,  flea  beetle  and  glall  weevil  affect  the  turnip  and  cause 
damage.  Application  of  lindane  3%  granules  before  sowing,  spraying  of  Carbaryl 
at  0.2%  is  recommended  for  control  of  these  pests. 

Diseases 

Powdery  mildew,  downy  mildew,  soft  rot,  dry  rot  and  brown  heart  are  the  major 
diseases  affecting  the  crop.  Application  of  borax  at  20-25kg/ha  and  spraying  Indofil 
M  45  at  0.2%  will  be  effective  in  controlling  these  diseases. 

Alternana  leaf  spot  also  affects  the  crop  and  when  the  foliage  is  infected,  the 
roots  also  get  infection  and  exhibit  symptoms.  The  spots  are  nearly  circular,  often 
zonate  and  show  various  shades  of  brown  or  sometimes  black-white  mould  or 
dark  spores  may  cover  the  spot. 

Phyllody  is  also  common  and  malformation  of  flowering  shoots  normally  occurs 
affecting  the  normal  fruit  set.  Turnip  yellow  mosaic  virus  also  affects  the  crop  and 
the  disease  is  transmitted  through  flea  beetle.  The  spread  of  the  disease  can  be 
checked  by  controlling  the  vector.  Cabbage  may  serve  as  an  alternate  host  for  this 
virus. 

Yield 

The  yield  of  turnip  depends  on  varieties  and  it  varies  from  20-25tonnes/ha. 

Harvest  and  post-harvest  handling 

Timely  harvest  is  essential  for  getting  quality  roots  in  turnip.  Harvesting  roots 
of  5.0-7. 5cm  dia  would  be  ideal  and  larger  roots  are  often  coarse  in  texture  and 
bitter  in  taste.  A  light  irrigation  is  necessary  just  before  harvesting  to  facilitate 
lifting.  The  entire  plants  are  uprooted,  roots  separated,  cleaned  and  tops  are  cut. 
The  graded  roots  are  sent  for  marketing. 

The  keeping  quality  of  turnip  is  poor.  The  roots  may  be  washed  to  improve  the 
appearance  and  reduce  the  decay.  Similarly  dipping  the  roots  in  hot  paraffin  will 
help  reduce  shrinkage  and  improve  the  appearance. 
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(Allium  cepa  L.) 

Narendra  Singh  and  Netra  Pal 


Area  and  production 

The  demand  for  onions  is  world  wide  and  its  use  is  not  limited  to  any  climate  or 
associated  with  any  nationality  and  they  are  widely  grown  as  any  cultivated  crop. 
Onion  is  one  of  the  important  vegetable  crops  grown  in  this  country  in  a  large 
area  of  3,95,500ha  producing  40,80,000mt  bulbs  for  local  consumption  as  well  as 
for  export  purposes.The  world  production  is  35,644  thousand  metric  tonnes  from 
an  area  of  2,204  thousand  hectares.  India  ranks  second  in  area  and  production  in 
the  world  (after  China)  and  third  in  export  (after  Netherlands  and  Spain). 
Maharashtra,  Karnataka,  Gujarat,  Orissa,  Andhra  Pradesh,  Uttar  Pradesh,  Tamil 
Nadu,  Rajasthan  and  Bihar  are  the  major  onion  producing  states  in  India. 
Maharashtra,  however,  is  the  leading  state  with  23.4%  area  and  27.50%  production 
followed  by  Karnataka  (19.90%  area,  10.80%  production).  The  average  yield  per 
unit  area  in  India  is  very  low  (10.6tonnes/ha),  when  compared  with  the  world 


Table  1 .  Area,  production  and  productivity  of  onion  in  India  for  the  year,  1995-96 


State/UT's 

Area  (ha) 

Production  (mt) 

Productivity  (mt/ha) 

Andhra  Pradesh 

24,000 

3,73,600 

15.57 

Assam 

7,100 

16,200 

2.28 

Bihar 

17,500 

1,37,300 

7.85 

Gujarat 

19,000 

4,44,000 

23.37 

Haryana 

6,300 

1,06,300 

16.87 

Himachal  Pradesh 

800 

4,300 

5.38 

Karnataka 

78,800 

4,40,300 

5.59 

Madhya  Pradesh 

21,100 

23,500 

11.16 

Maharashtra 

92,600 

11,20,500 

12.10 

Orissa 

50,000 

3,80,000 

7.60 

Punjab 

1,600 

32,200 

20.13 

Rajasthan 

21,700 

1,61,700 

7.45 

Tamil  Nadu 

21,400 

2,31,500 

10.82 

Uttar  Pradesh 

33,500 

3,96,100 

11.82 

Pondicherry 

0 

400 

15.00 

India 

39,5500 

40,80,000 

10.32 

Source:  Indian  Horticulture  Data  Base,  NHB,  Ministry  of  Agriculture. 
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Table  2.  Onion  (dry)  area,  production  and  productivity  in  world  and 
different  countries  during 


World/country  Area  (1,000ha)  Productivity  (kg/ha)  Production  (1,000mt) 


World 

China 

India 

USA 

Turkey 

Japan 

Iran 


2,204 

386F 

384F 

65 

98 

30F 

43* 

76* 

28 

75 

90F 


16,174 

21,335 

10,557 

42,965 

19,388 

42,600 

27,907 

14,237 

35,826 

12,635 

7,778 


35,644 
8,230F 
4,058F 
2,793 
1,900 
1 ,278F 
1,200* 
1,082* 
1,007 
943 
700* 


Pakistan 


Spain 

Brazil 


Russia  Fed 


F,  FAO estimates  *,  Unofficial  figures;  Source- Indian  Horticulture  Data  Base,  NHB,  Ministry 
of  Agriculture,  pp.  481,  published  in  January  1998. 

(16.5tonnes/ha),  USA  (43tonnes/ha),  Japan  (42.6tonnes/ha),  Spain  (35.8tonnes/ha). 
In  India  per  hectare  yield  is  highest  in  Gujrat  (23.37tonnes/ha)  followed  by  Punjab 
(20.13tonnes/ha).  The  per  capita  availability  of  onion  is  highest  in  Netherlands 
(32.99kg/year),  followed  by  Turkey  (29.82kg/year).  It  is  about  3.94  kg  in  India. 
The  total  area  production  and  productivity  per  hectare  of  India  and  world  are 
given  in  Tables  land  2. 

Onion  growing  belts  in  India 

The  major  onion  growing  belts  are  as  follows: 

1.  Punjab  (Patiala,  Sangrur,  Amritsar,  Ludhiana),  Haryana  (Pampat,  Rohtak, 
Karnal,  Kurkshetra,  Ambala)  and  Rajasthan  (Alwar  (Khairthal),  Ajmer,  Sikar, 
Jhunjhunu). 

2.  Uttar  Pradesh  (Thana  Bhawan  and  Jalalabad  (Muzaffarnagar),  Badaun, 
Moradabad,  Farrukhabad). 

3.  Uttar  Pradesh  (Jaunpur),  Bihar  (Patna,  Nalanda,  West  and  East  Champaran, 
Mujafarpur,  Sitamarhi,  Bhagalpur,  Begusarai,  Purnea  Kathihar). 

4.  Maharashtra  (Nasik,  Ahmednagar,  Pune,  Satara,  Solapur),  Gujarat  (Bhavnagar 
(Mahuva  and  Talaza),  Rajkot,  Junagarh,  Jamnagar)  and  Madhya  Pradesh 
(Khargone,  Khandwa). 

5.  Andhra  Pradesh  (Kurnool,  Cuddapadh,  Rangareddy)  and  Karnataka 
(Dharwad,  Bellary,  Chitradurga,  Bijapur,  Chikkamagalur,  Gulbarga). 

6.  Tamil  Nadu  (Salem,  Coimbatore,  Erode,  Tnchur,  Dindugal,  Tirunellveli). 

The  export  of  onion  bulbs  during  1994-95  was  4.94  lakh  tonnes  worth  Rs  257 

crores  (APEDA,  1995).  The  Netherlands  is  the  leading  exporter  of  onion 
contributing  to  about  21%  of  world  export. 

Onions  are  consumed  in  rather  small  quantities  by  most  families.  They  are  used 
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in  many  homes  almost  daily  primarily  as  a  seasoning  for  a  wide  variety  of  dishes. 
Onion  can  be  eaten  raw  or  cooked.  Raw  onions  are  consumed  as  young  green 
plants,  some  times  called  spring  onions  or  as  bulbs,  which  are  usually  sliced  or 
chopped.  Mild  flavoured  or  colourful  bulb  onions  are  often  chosen  for  salads  for 
cooking,  bulb  onion  and  less  frequently,  green  onions  are  used.  It  is  also  used  in 
processed  form,  e.g.  flakes,  powder  for  this  purpose  white  varieties  are  required.  It 
is  also  used  for  making  pickles.  Mostly  the  Indians  prefer  red  and  pungent  types, 
while  in  Japan,  Europe  and  America  yellow  coloured  varieties  are  preferred. 

Alliums  are  characterized  by  the  presence  of  remarkable, sulphur-containing 
compounds,  which  give  them  their  distinctive  smell  and  pungency.  Onion  contains 
methyl  and  propyl  derivatives  of  allin  but  not  true  allin.  Onion  oil  yields  methyl 
and  propyl  compounds.  A  yield  of  0.002-0.03g  can  be  obtained  by  steam  distillation 
from  lOOg  of  fresh  bulbs. 

There  has  been  interest  in  medicinal  effects  of  Alliums.  It  is  known  to  benefit  in 
the  prevention  and  treatment  of  atherosclerosis  and  coronary  heart  disease. 
Numerous  tests  of  garlic  and  onion  extracts  in  vitro  have  demonstrated  that  they 
can  inhibit  the  aggregation  of  human  blood  platelets  for  arterial  blocking.  Studies 
showed  that  eating  moderate  amounts  (<200g  of  onion,  <10g  of  garlic  per  week) 
or  large  amounts  (>600g  onion,  >50g  garlic  per  week),  resulted  in  less  tendency  to 
form  blood  clots  and  lower  levels  of  cholesterol  and  lipoproteins  associated  with 
heart  disease  in  their  blood  serum  than  in  abstainers  (non-eaters).  Experimental 
evidence  indicates  benefit  from  garlic,  onions  or  their  extracts  in  the  treatment  of 
diabetes,  cancer  and  asthma. 

The  dry-matter  contents  of  allium  vegetables  usually  are  in  the  range  of  7-15% 
with  leaf  shoots  usually  1-2%  lower  dry-matter  than  bulbs. 

Origin  and  distribution 

Onion  has  been  cultivated  for  5000  years  or  more  and  does  not  exist  as  a  wild 
species.  It  is  thought  to  have  been  first  domesticated  in  the  mountainous  regions 
of  Turkmenia,  Uzbekistan,  Tajikistan  and  north  Iran,  Afgamsthan  and  Pakistan. 
The  alliums  are  distributed  widely  through  temperate,  warm  temperate  and  boreal 
zones  of  the  northern  hemisphere. 

During  the  onion’s  long  period  of  co-existence  with  the  human  race,  it  has 
become  adapted  to  a  variety  of  climate  and  growing  systems.  Vegetatively  propagated 
variants  of  A.  cepa  which  are  grown  in  many  parts  of  the  tropics  are  shallots  and 
multiplier  onion. 

Taxonomy 

The  genus  as  a  whole  is  assigned  to  the  family  Liliaceae  by  some  taxonomists, 
on  account  of  the  superior  ovary,  and  to  the  Amaryllidaceae  by  others  because  of 
the  umbellate  inflorescence.  Some,  others  have  opted  for  a  sub- family— the 
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Allioideae — of  the  liliaceae,  and  others  again  favour  a  separate  family  altogether _ 

the  Alliacea  which  have  superior  ovaries  as  well  as  umbellate  infloresences.  The 
genus  Allium  occupies  the  following  taxonomic  position: 


Class 
Super  order 
Order 
Family 
Genus 
Species 


Monocotyledon 
Lilii  florae 
Asparagales 
Alhaceae 
Allium 
cepa 


The  number  of  species  in  the  genus  are  around  600. 


Classification  of  Allium  cepa 

Common  onion:  Allium  cepa  L.  (2n=2x=16).  The  common  onion  is  the  most 
widely  grown  of  all  the  cultivated  Alliums.  It  has  been  in  use  as  a  vegetable  for  over 
5000  years  chiefly  as  a  food  store  in  the  fleshy  leaf  bases  which  form  the  bulb. 

Shallot:  Allium  cepa  var.  ascalomcum  (2n=2x=16).The  shallot  is  a  perennial 
onion  which  rarely  produces  seed  and  which  is  perpetuated  each  year  by  replanting 
some  of  the  bulbs  which  form  in  clusters  on  the  surface  of  the  soil. 

Potato  onion>  underground  onion  or  multiplier  onion:  Allium  cepa  var. 
aggregatum  (2n=2x=l 6).  This  variety  of  A.  cepa  also  known  as  the  Egyptian  ground 
onion,  is  noted  for  its  hardiness  and  earlier  ripening  than  the  common  onion.  It  is 
grown  as  closely  packed  clusters  of  bulbs  underground,  rather  than  on  the  surface 
like  the  shallot.  It  dose  not  produce  any  seed,  but  can  remain  in  the  ground  as 
perennial  clumps  of  bulbs  year  after  year,  and  can  be  pulled  for  eating  as  required. 

Tree  onion  or  Egyptian  tree  onion:  Alliun  cepa  L.  var.  viviparum / proliferum 
(2n=2x  =16).  It  is  a  viviparus  plant  that  grows  as  a  perennial  bulb  underground, 
has  leaves  similar  to  the  common  onion  and  produces  cluster  between  two  to 
sixteen  bulbletes  at  the  top  of  the  stem  in  place  of  the  inflorescence.  A  few  flowers 
may  form,  along  with  the  bulblets,  but  they  are  completely  sterile.  It  is  not  a  widely 
grown  variety,  but  the  bulblets  are  useful  for  pickling  and  seasoning,  and  in  addition 
they  provide  ready  means  of  propagation  and  multiplication.  The  tree  onion  is 
also  noted  for  its  resistance  to  virtually  all  known  pests  and  diseases  of  onions. 

Floral  biology 

Ihe  inflorescence  is  an  umbel.  The  flowers  are  borne  in  simple  umbels  at  the 
apex  of  a  floral  stem  which  is  commonly  hollow  when  mature.  The  number  of 
seed  stems  varies  from  1-20  or  more.  The  umbel  is  enclosed  within  a  papery 
spathe  consisting  of  two  or  three  bracts,  which  are  split  open  by  the  pressure  of 
the  developing  flower  buds.  The  number  of  flowers  per  umbel  may  be  as  few  as  50 
or  more  than  2,000  depending  on  variety,  time  of  planting  and  sixe  and  storage 
history  of  mother  bulbs. 
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The  flowers  are  white  or  bluish.  The  flowers  may  be  considered  to  be  made  up 
of  five  whorls  of  three  organs  each,  which  starting  at  centre,  are  3  carpels  (united 
m  a  single  pistil),  3  inner  stamens,  3  outer  stamens,  3  inner  perianth  and  3  outer 
perianth  segments.  The  pistil  has  three  celled  ovary  with  two  ovules  in  each.  The 
style,  which  is  approximately  1  mm  long  when  the  flower  first  opens,  is  not  receptive 
until  it  elongates  to  a  length  of  about  5mm.  This  requires  a  day  or  two  after  anthers 
have  all  dehisced.  'The  anthers  of  inner  whorl  dehisce  first.  All  of  the  pollen  being 
shed  over  a  period  of  two  to  three  days.  Dehiscence  usually  occurs  between  9am 
and  5  pm.  The  style  reaches  its  full  length  only  after  all  the  pollen  has  been  shed.  It 
is  then  that  stigma  becomes  receptive.  This  delay  in  the  receptivity  of  stigma  may 
reduce  self  pollination  of  single  flower.  Insects  readily  transfer  pollen  among  flowers 
within  an  umbel  and  between  different  plants.  An  inflorescence  may  have  flowers 
opening  for  a  period  of  two  weeks  or  more,  and  a  plant  may  be  in  bloom  for  more 

than  30  days.  The  flower  opening  is  quite  irregular. 

The  onion  flower  is  pollinated  chiefly  by  honey  bees.  Blow-flies  are  excellent 
pollinators,  as  they  go  from  flower  to  flower.  Onion  is  a  highly  cross-pollinated 
crop  due  to  its  protandry. 

CROP  IMPROVEMENT 

Breeding  methods 

Introduction,  mass  selection,  selfing  and  massing,  inbreeding,  hybridization  and 
heterosis  breeding  have  been  used  for  improvement  of  onion. 

Plant  Introduction:  Early  Grano  is  an  introduction  developed  by  this  method. 
In  long  day  types — Brown  Spanish  has  also  been  developed. 

Selection  procedure 

Mass-selection :  Common  in  cross  pollinated  crops.  Most  of  the  varieties  in  India 

have  been  developed  by  mass-selection. 

Selfing  and  massing :  Suggested  by  Jones  and  Mann  (1963).  This  method  is  very 
good  for  improvement  in  a  crop,  where  inbreeding  depression  is  common. 
Improvement  in  a  cultivar  can  be  affected  by  selfing  followed  by  massing.  The 
procedure  is  as  follows: 

First  year  ( Bulb  crop):  Select  100  best  bulbs  of  desired  type. 

Second  year  (seed  crop):  Grow  selected  bulbs,  self  one  or  more  umbels  per 

plant  to  initiate  a  separate  line  each. 

Third  year  (bulb  crop):  Grow  the  progenies  of  each  inbred  lines  separately. 
Discard  the  poor  performing  lines  during  the  growing  season,  at  harvest  or  in 
storage.  Select  at  least  25  best  lines  and  keep  15-20  bulbs  of  each  for  selfing  and 
open  pollination  next  year. 

Fourth  year  (seed  crop):  Self  pollinate  1-2  umbels  in  each  plant  and  allow  others 
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to  open  pollinate.  Mass  open  pollinated  seed  and  increase  for  large  scale  production 
for  more  than  two  generadons  to  avoid  much  inbreeding  depression. 

Fifth  year  (bulb  crop):  Grow  the  selfed  progenies  separately.  Select  again  the 
best  25  lines  and  15-20  bulbs  of  each  lines  as  above  in  the  third  year. 

Sixth  year  ( seed  crop):  Composite  and  plant  bulbs  of  all  selecdons  in  a  field  or 
in  a  cage  for  free  open  pollination  in  between  the  unrelated  lines.  The  open  pollinated 
seed  can  be  massed  and  increased  as  foundation  seed. 

Inbreeding:  In  any  onion  improvement  programme  a  considerable  amount  of 
inbreeding  or  selfing  is  necessary.  Brown  paper  bags  and  three  rings  muslin  cloth 
bags  are  used  for  selfing. 

Hybridization:  Used  when  we  want  to  introduce  characters  from  other  varieties 

(i)  In  ter  varietal  :  very  common 

(ii)  Interspecific  :  very  rare 

Utilized  in  A.  cepa  x  A.fistulosum 

Heterosis  breeding:  The  F5  hybrids  are  high  yielding  with  uniformity  in  bulb 
size,  the  2  most  desired  characters.  One  of  the  main  components  for  exploitation 
of  heterosis  in  onion  is  isolation  of  male-sterile  lines.  The  male-sterile  lines  have 
been  isolated  in  Pusa  Red  at  IARI,  (Netra  Pal  et  al.  1986).  Male-sterile  lines  have 
been  also  isolated  at  IIHR,  Bangalore.  A  few  F,  hybrids  were  developed  at  VPKAS 
Almora,  IARI,  New  Delhi  and  IIHR  Bangalore,  but  there  is  no  hybrid  in  commercial 
production  yet;  work  is  in  progress  to  isolate  the  best  combiners. 

For  heterosis  breeding  involves  three  important  stages,  namely 

(i)  Production  of  inbred  lines 

(ii)  Testing  combining  ability  of  inbred  lines 

(iii)  Production  the  seeds  of  F!  hybrids. 

Ft  production  requires  three  lines. 

A  line=  male  sterile  line  (Smsms)  caused  by  sterile  cytoplasm  (S)  and  nuclear 
recessive  gene  (msms). 

B  line=  maintainer  line  (N  msms) 

C  lime=  male  parent  (N  MsMs  or  N  Msms  or  Nmsms  or  SMsMs  or  SMsms) 
Maintenance  A  X  B  1:1,  F,  production  A  x  C  4  :  1  or  8  :  2 

Varieties 

In  India  about  34  varieties  have  been  developed  by  different  Institutions, 
Agricultural  Universities  and  different  Organisations.  The  onion  varieties  have 
been  classified  on  the  basis  of  size  and  skin  colour.  According  to  classification  the 
onion  can  be  divided  into  two  groups. 

A.  Common  onion 

B.  Multiplier  onion 
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Table  3.  Onion  varieties  developed  in  India 


Variety 

Source 

Characters 

Common  onion  ( Allium  cepa  L.)  Red  coloured  varieties 

Pusa  Red 

IARI 

Red  coloured  bulbs,  flattish  round  shape, 
yield  25-30  tonnes/ha.  Very  good  in  storage, 
wider  adaptability 

Pusa  Ratnar 

IARI  (presently 
NBPCR) 

Deep-red,  round,  large,  fair  in  storage,  yield 
30-40  tonnes/ha 

Pusa  Madhvi 

IARI 

Light-red  colour,  good  keeping  quality,  yield 
30-40  tonnes/ha 

Punjab  Selection 

PAU,  Ludhiana 

Light-red  colour,  yield  20  tonnes/ha 

N  53 

Niphad 

Deep-red  coloured,  yield  1 5-20  tonnes/ha, 
suitable  under  kharif  season 

N  2-4-1 

Niphad 

Deep-red  coloured,  yield  1 5-20  tonnes/ha, 
suitable  under  kharif  season 

Baswant  780 

MPKV,  Rahuri 

Bright-red,  yield  20-25  tonnes/ha  good  in 
storage 

Arka  Niketan 

IIHR 

Light-red,  yield  33  tonnes/ha,  good  for  stor¬ 
age 

Arka  Kalyan 

IIHR 

Dark-red,  ready  33  tonnes/ha,  suitable  for 
kharif  season 

Arka  Bindu 

IIHR 

Bright-dark  red,  ready  in  100  days,  yield  25 
tonnes/ha,  suitable  for  export,  particularly 
to  Malaysia  and  Singapore 

Agrifound 

Light  red 

NHRDF 

Light-red  yield  30  tonnes/ha,  suitable  for 
growing  under  rabi  season  good  in  storage 

Agrifound 

Dark  Red 

NHRDF 

Dark-red,  yield  20-25  tonnes/ha,  suitable 
for  growing  under  kharif  season 

Agrifound  Rose 

NHRDF 

Dark-red,  yield  19-20  tonnes/ha,  suitable 
for  export 

Udaipur  101 

Udaipur  Univ. 

Dark-red  yield  20-30  tonnes/ha 

Udaipur  103 

Udaipur  Univ. 

Dark-red  yield  25-30  tonnes/ha 

Punjab  Red  Round 

PAU  Ludhiana 

Red-coloured,  yield  30  tonnes/ha 

Hisar  II 

HAU,  Hissar 

Light-Red,  yield  20  tonnes/ha 

Kalyanpur  Red  Round 

CSAUA&T,  Light-red,  yield  20  tonnes/ha 

Kanpur 

White  coloured  varieties 

Pusa  White  Flat 

IARI 

Flattish-round  shape,  TSS  11-12%,  drying 
ratio  9:1,  yield  33-35t/ha.  Suitable  for  de¬ 
hydration  purposes,  very  good  for  green  on¬ 
ion  purposes  and  good  in  storage 

Pusa  White  Round 

IARI 

Round  flat-shape,  TSS  1 2-1 3%,  drying  ratio 
8:1,  yield  30-33  tonnes/ha  very  good  in 

storage.  Suitable  for  dehydration  purposes, 
green  onion  purposes.  Very  good  in  storage 
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Punjab  48  (S  48) 

PAU,  Ludhiana 

Flattish-round,  yield  30  tonnes/ha,  suitable 
for  dehydration  purposes 

Udaipur  102 

Udaipur  Univ. 

Roundish-flat,  TSS  12%  yield  30-35  tonnes/ 
ha.  Suitable  for  dehydration 

N  257-9-1 

Niphad  Roundish-flat  shape,  yield  25-30  tonnes/ha, 

good  in  storage.  Suitable  for  dehydration 
purposes. 

Yellow  colured  varieties 

Early  Grano 

IARI 

Large  giobular  bulbs,  good  for  salad  pur¬ 
poses.  yield  50-60  tonnes/ha,  good  for  green 
onions,  poor  in  storage 

Brown  Spanish 

IARI  Regional 

Stn.  Katrain 

Multiplier  onion  (Allium 

Long  day  type,  can  only  be  grown  in  hills, 
maturity  1 60-1 80  days,  yield  28  tonnes/ha, 
stored  upto  6  months 

cepa  var.  Aggeregatum) 

Co  1 

TNAU, 

Coimbatore 

Light-red,  medium  size,  7-9  lateral  bulbs, 
maturity  65  days,  yield  12  tonnes/ha 

Co  2 

TNAU, 

Coimbatore 

Light-red,  7-9  lateral  bulbs,  60-65g  clump, 
maturity  65  days,  yield  12  tonnes/ha, 
showed  resistance  to  purple  blotch 

Co  3 

TNAU, 

Coimbatore 

Pink  coloured,  8-10  lateral  bulbs,  75g 
clump,  bigger  sized  bulbs,  yield  16  tonnes/ 
ha,  maturity  65  days,  liked  by  consumers 
has  medium  resistance  to  thrips 

Co  4 

TNAU, 

Coimbatore 

Eight  to  ten  lateral  bulbs,  90g  weight  of 
a  clump,  maturity  60-65  days,  yield  18 
tonnes/ha 

MDU  1 

Madurai  Campus 
of  TNAU 

Ten  to  eleven  lateral  bulbs,  weight  of  clump 
75gm,  yield  15  tonnes/ha,  maturity  60-65 
days,  good  keeping  quality  and  resistant  to 
lodging 

Agrifound  Red 

Dindigal, 

NHRDF 

Weight  of  a  clump  65-68g,  light-red,  yield 
18-20  tonnes/ha 

Some  local  varieties  are  also  being  grown  by  the  farmers,  i.e.  Nasik  Red,  Patna 
Red,  Bombay  Red,  Poona  Red,  Bellary  Red,  Bhadurgarh  local  etc. 

CROP  PRODUCTION 

Soil 

Soils  for  onion  should  be  rich  in  humus  with  good  drainage.  Sandy  soil  needs  more  and 
frequent  irrigation  and  favour  early  maturity,  whereas  heavy  soils  leads  to 
mishappened  bulbs  and  there  is  problem  in  digging  of  bulbs.  The  most  desirable 
soil  is  the  one  that  retains  enough  moisture  and  at  the  same  time  be  favourable 
enough  to  be  easily  cultivated  and  to  allow  proper  development  of  bulbs.  The 
optimum  pH  range  is  between  5. 8-6. 5.  Highly  alkaline  and  saline  soils  are  not 
suitable. 
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Pusa  Red 


Pusa  Madhvi 
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Pusa  white  round 


Pusa  white  flat 
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Stomp  @  3.35  litre/ha  immediately  after  transplanting  checks  weed  growth 


Kharif  onion  production  through  sets 
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8  ROWN  SPANISH 


Brown  Spanish:  A  long-day  type 


EARLY  GRANO 

Early  Grano 


BULB  CROPS 


Climate 

The  onion  is  a  cool  season  crop.  Onion  can  be  grown  under  wide  range  of 
climatic  conditions.  It  grows  well  under  mild  climate  without,  extreme  heat  or  cold 
or  excessive  rainfall.  The  plant  is  hardy  and  in  the  young  stage  can  withstand  freezing 
temperature.  It  does  not  thrive  well  in  places  where  the  average  rainfall  ^exceeds 
75-100cm  in  monsoon  period.  It  requires  about  70%  relative  humidity  for- good 
growth.  For  good  vegetative  growth  12.8°-23°C  temperature  before  bulbing  and 
for  bulb  development  20°-25°C  are  required.  Very  low  temperatures  in  the 
beginning  results  in  bolting  while  sudden  rise  in  temperature  favours  early  maturity 
of  the  crop  in  rabi  and  results  in  small  sized  bulbs. 

The  requirement  of  day  length  may  differ  with  different  varieties.  Almost  all 
cultivars  grown  in  plains  in  India  are  short-day  cultivars.  Brown  Spanish  is  long- 
day  variety.  This  requires  day  length  of  more  than  14  hours  and  lower  temperature 
for  proper  development  of  bulbs.  Kharif  onion  varieties  require  day  length  of  10- 
11  hours  where  as  rabi  varieties  require  relatively  higher  temperature  and  12-13 
hours  day  length.  Long-day  varieties  do  not  bulb  under  short-day  conditions, 
whereas,  short-day  varieties  if  planted  under  long-day  condition  will  develop  early 
bulbs. 

Other  factors  being  equal  onion  bulbs  more  quickly  at  warm  temperature  than 
at  cool  temperature.  As  temperature  conditions  are  never  exactly  alike  year  after 
year  in  the  same  district,  onion  varieties  can  not  be  expected  to  perform  consistently 
even  though  cultural  practices  are  similar.  Temperature  is  more  important  than  the 
day  length  in  seed  production,  while  photoperiod  is  more  important  than 
temperature  for  bulb  formation. 

Cropping  systems 

The  onion  crop  generally  follows  a  heavily  manured  crop  grown  in  the  previous 
season  or  raised  as  an  early  monsoon  crop  or  late  monsoon  crop.  When  cultivated 
as  monsoon  or  late  monsoon  crop,  it  is  followed  by  coriander,  french  bean,  sorghum, 
pearl  millet,  chillies  and  groundnut.  As  a  winter  crop,  it  is  followed  by  cereals, 
groundnut  and  cowpea,  while  as  a  summer  crop,  it  follows  paddy.  In  Uttar  Pradesh, 
particularly  in  eastern  part  it  follows  potato,  whereas  in  Bihar,  West  Bengal  and 
Orissa  it  is  followed  by  paddy.  Onion  can  also  be  grown  as  an  intercrop  in  sugarcane 
fields.  It  is  common  in  some  pockets  of  Haryana  and  Maharashtra.  In  Karnataka 
onion  is  grown  along  with  chilli  or  cotton. 

Propagation 

The  usual  method  of  propagation  of  common  onion  is  by  seed.  Egyption  or 
tree  onions  produce  top  sets  or  bulbils  in  the  flower  cluster.  The  multiplier  or 
potato  onion  seldom  produces  flowers  and  seed.  The  small  bulbs  or  bottom  set 
grows  into  large  one  which  again  break  into  small  ones. 
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Nursery  practices 

Onion  seed  is  generally  sown  in  raised  nursery  beds  of  15-22. 5cm  height.  The 
width  of  nursery  bed  should  be  0.45  metre  and  length  can  be  kept  3-4  metres. 
About  45-60cm  distance  is  kept  between  two  beds  to  carry  out  the  operations  of 
watering,  weeding  etc.The  surface  of  beds  should  be  smooth  and  well  levelled. 
The  soil  of  nursery  should  be  treated  with  Thiram  or  Captaf  @  0.2%  or  4-5g/m2 
area.  Before  sowing,  seed  should  be  treated  with  Thiram  @  2-3g/kg  of  seed  to 
avoid  damage  from  damping  off  disease.  In  case  there  is  still  problem  of  damping 
off  disease  the  drenching  with  thiram  or  captaf  @  2— 3g/litre  of  water  should  be 
taken  twice  once  at  15  days  after  sowing  and  again  after  30  days  of  sowing.  Weeding 
and  hoeing  are  carried  out  to  manage  problem  of  weeds.  Stomp  (pendimethalin) 
@3.35  litres/ha  is  applied  before  sowing  to  manage  the  weeds  economically  during 
rainy  season. 

Sowing  should  be  done  in  lines  spaced  at  5-7cm  distance.  The  seeds  after  sowing 
should  be  covered  with  fine  powdered  farmyard  manure  or  compost  followed  by 
light-watering  by  rose  can.  The  beds  should  be  covered  with  dry  grass  or  straw  or 
sugarcane  leaves  to  maintain  required  temperature  and  moisture.  The  watering 
should  be  done  by  water  can  as  per  the  need  till  germination  is  complete.  The 
grass  cover  is  removed  immediately  after  germination.  Any  delay  in  removal  of  the 
cover  results  in  lanky  seedlings.  Time  to  time  hoeing,  weeding  and  irrigation  are 
required  for  raising  healthy  seedlings.  If  the  seedlings  are  poor  a  spray  of  0.5% 
urea  can  used.  The  nursery  will  be  ready  for  transplanting  when  plants  are  of  6-7 
weeks-old  and  0.6— 0.9cm.  in  diameter  for  kharif  and  8—9  weeks-old  for  rabi.  If 
younger  aged  seedlings  are  transplanted  the  establishment  will  be  poor.  If  overaged 
seedlings  are  transplanted  there  will  be  a  problem  of  pre-mature  bolting.  In  the 
nursery  about  8-1 0kg  of  seed  is  sown  for  one  hectare.  About  5%  of  area  will  be 
required  to  produce  seedlings  for  one  hectare. 

The  best  time  for  sowing  of  seed  for  early  kharif  crop  is  April-May  in  South; 
for  kharif  season  May-June  in  South,  Maharashtra  and  part  of  Gujarat  as  well  as 
north  and  north-east  India.  The  sowing  of  early  rabi  or  late  kharif  is  done  in 
August-September  in  Maharashtra.  For  rabi  crop  sowing  is  done  in  September- 
October  in  South;  Novermber-December  in  Maharasthra  and  part  of  Gujarat; 
October-Novermber  in  North  and  North  eastern  part.  The  rabi  sowing  in  hills  is 
done  September-October  and  for  summer  (long-day  type)  October  end  and  early 
November. 

For  direct  sowing  of  the  variety  Agnfound  Rose,  22.5kg/ha  seed  is  required.  In 
case  of  multiplier  onion  a  sets,  1—1.2  tonnes  or  bulblets  are  required  for  planting 
one  hectare. 

Manures  and  fertilizers 

In  general,  the  soil  for  onion  should  be  liberally  manured  and  fertilized.  A  basal 
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Table  4.  Recommended  dose  of  farymard  manure/compost,  N,  P2Os  and  K20  in  onion 


for  various  states  (Kirti  Singh,  1991) 


State 

Farmyard  manure/ 
compost  (tonne/ha) 

N 

(kg) 

(kg) 

k2o 

(kg) 

Andhra  Pradesh 

25 

50 

35-50 

60 

Arunachal  pradesh 

20 

125 

60 

100 

Bihar 

25 

105 

55 

75 

Gujarat 

10-15 

75 

25 

75 

Haryana 

50 

125 

50 

25 

Himachal  Pradesh 

20 

75 

50 

50 

Karnataka 

30 

125 

50 

125 

Madhya  Pradesh 

20 

100 

50 

100 

Maharashtra 

30 

90 

60 

60 

Orrisa 

- 

125 

60 

90 

Punjab 

50 

100 

50 

50 

Rajasthan 

40 

100 

50 

100 

Tamil  Nadu  (Onion  small)  25 

60 

60 

30 

Onion  (Bellary) 

25 

150 

150 

75 

Uttar  Pradesh 

20 

100 

50 

80 

West  Bengal 

15 

100 

50 

100 

Manurial  requirement  of  vegetable  crops. 


dose  of  20-30  tonnes  well  rotten  farmyard  manure  per  hectare  is  recommended.  It 
should  be  applied  one  month  before  transplanting  and  mixed  in  the  soil.  The 
recommended  range  of  nutrient  doses  by  different  states  are  60-1 50kg  nitrogen, 
35-1 50kg  phosphorus  and  25-1 25kg  potash/ha.  The  whole  quantity  of  phosphorus, 
potash  and  half  of  nitrogen  should  be  mixed  in  soil  before  transplanting.  The 
remaining  half  nitrogen  should  be  given  in  top  dressing  equal  quantiy  in  two  split 
doses  at  30  days  and  45  days  after  transplanting.  The  top  dressing  must  be  completed 
before  initiation  of  bulbing.  Delayed  application  results  in  thick  neck  or  doubles. 
In  recent  years  application  of  bio  fertilizers  has  received  considerable  attention  in 
production  of  horticultural  crops,.  It  was  found  that  50%  of  recommended  dose 
(50  :  25  :  35  kg  N,  P,  K/ha  respectively)  +  3  tonnes  vermi-compost  gave  the  best 
results. 

In  addition  to  fertilizers,  application  of  micro-nutrients  has  been  reported  to  be 
beneficial  in  improving  the  quality  of  bulbs.  Higher  bulb  yield  was  noted  under  the 
treatment  of  Cu  (1  ppm)  +  Zn  (3  ppm)  +  B  (0.5  ppm)  +  Fe  (lOOppm)  +  Mn 
(0.25ppm)  as  compared  to  control.  Fluoride  has  been  found  injurious  to  onion. 
Copper  and  boron  @  13.4kg  and  1.8kg/ha  respectively  are  beneficial  in  increasing 
the  yield. 

Land  preparation 

In  preparing  the  land  the  field  is  ploughed  to  a  fine  tilth  by  giving  four  to  five 
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ploughings  with  sufficient  interval.  The  ploughing  should  be  shallow. The  planking 
should  be  done  for  proper  levelling.  The  field  is  then  divided  into  beds  and  channels. 
The  normal  width  of  a  bed  should  be  about  1.8  m  and  length  may  vary  according 
to  level  of  land. 


Transplanting 

Seedlings  are  transplanted  in  flat  beds.  Transplanting  on  both  sides  of  ridges  is, 
however,  better  for  kharif  or  rainy  season  crop. 

In  Maharashtra  best  time  of  transplanting  for  kharif  onion  is  July-August.  In 
North  it  is  mid  or  end  of  August.  In  other  parts  also  August  is  best  time.  In  Tamil 
Nadu  transplanting  is  done  in  April-May;  whereas  in  Andhra  Pradesh  it  is  done  in 
May-June.  The  late  kharif  or  early  rabi  is  transplanted  in  Maharashtra  in  October- 
Novermber.  For  rabi  season  transplanting  time  as  follows: 


North  and  eastern  India 
Maharashtra  and  Gujarat 
South 
Hills  (rabi) 

Summer  (long-day  types) 


End  December-first  fortnight  of  January 
December-January 
December-January 
October-November 
March 

Small  pickling  onion  is  planted  three  times  in  a  year  in  Karnataka,  i.e.  March- 
April,  June-July  and  Septermber-October.  In  Andhra  Pradesh  the  crop  is  planted 
in  June-July. 


Spacing 

For  common  big  size  onion  the  spacing  is  kept  15cm  from  row  to  row  and 
10cm  from  plant  to  plant.  For  small  pickling  onion  8  x  5cm  has  been  recommeded 
if  crop  is  raised  by  transplanting  method.  If  sets  are  used  for  raising  common  big 
onion  crop  the  ridges  are  prepared  at  30-45cm  distance  and  Sets  or  in  case  of 
multiplier  onion  bulblets  are  planted  at  10-12cm  distance.  For  getting  quality  bulbs 
1.5-2cm  size  sets  are  considered  best  for  planting;  2-2. 5cm  size  sets  have  been 
recommended  for  getting  good  yield. 


Weeding  and  interculture 

Weeds  are  to  be  kept  down  to  get  a  good  yield  of  onion.  Onion  is  a  poor 
competitor  of  weeds.  Being  closely  planted  and  shallow  rooted,  any  root  pruning 
by  cultivation  reduces  bulb  growth.  Chemicals  (wecdicides)  can  profitably  be  used 
for  control  of  weeds.  Weeds  are  controlled  by  Tenoran  @  2.5kg/ha  3-5  weeks 
after  transplanting.  Application  of  Basalin  1  litre/ha  immediately  after  transplanting 
controls  the  weeds.  Stomp  @  3.35  litres/ha  applied  immediately  after  transplanting 
and  before  first  irrigation  with  one  hand  weeding  gives  the  best  results. 
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Irrigation 

The  number  of  irrigations,  of  course,  will  depend  on  several  factors  such  as  soil 
and  climatic  conditions.  The  moisture  content  of  the  soil  should  be  kept  optimum. 
One  irrigation  is  necessary  immediately  after  transplanting.  In  kharif  season 
depending  upon  the  rains  8-10  irrigations  are  enough.  Late  kharif  crop  requires 
12-15  irrigations  and  in  rabi  seasons  15-20  irrigations  are  given.  At  bulb  formation, 
irrigation  is  necessary  and  moisture  stress  at  this  stage  results  in  low  yield.  Frequent 
and  light  irrigation  at  weekly  intervals  in  general  (2  acre  inch  per  irrigation)  results 
in  good  bulb  development  and  increased  yield.  Irrigation  should  be  stopped  when 
tops  mature  and  start  falling  in  rabi  season.  In  kharif  season  it  should  be  stopped 
ten  days  before  harvesting. 

Production  technology  of  rainy  season  ( kharif)  crop  of  onion  in  northern 
India 

Onion  is  usually  grown  in  winter  season  (rabi)  in  northern  India,  but  it  is  grown 
both  in  rabi  and  rainy  season  ( kharif  in  Maharashtra,  Gujarat,  Andhra  Pradesh, 
Karnataka  and  Tamil  Nadu.  Research  work  carried  out  at  IARI,  New  Delhi  has 
helped  to  standardize  production  technology  to  obtain  successful  kharif  crop 
(Bhagchandani  et  al.  1972).  NHRDF  has  taken  up  this  technology  on  large  scale  at 
farmers’  fields  in  Rajasthan,  Haryana,  Punjab,  Eastern  Uttar  Pradesh  and  Bihar. 
For  successful  kharif  crop,  seeds  should  be  sown  by  end  of  May  and  June, 
transplanting  in  August.  Harvesting  is  done  in  December-January.  Suitable 
varieties  for  kharif  crop  are  N-53,  Agrifound  Dark  Red,  Baswant  780  and  Arka 
Kalyan.  About  15-20  tonnes/ha  of  yield  can  be  obtained. 

PLANT  PROTECTION 

Loss  from  disease  and  insect  is  a  constant  threat  regardless  of  where  onions  are 
grown  and  whether  large  bulbs,  dry  sets,  transplants  or  seeds  are  being  produced. 
Some  important  diseases  and  insects  attacking  onion  crop  are  given  below: 

Damping  off  (Fusarium  spp.,  Pythium  spp.  Rhizotonia  solani):  Seed  rotting, 
pre-emergence  damping  off  and  post-emergence  damping  off  of  seedlings,  causing 
thin  or  irregular  starts  may  occur  whenever  onions  are  grown  from  seed.  Seed 
should  be  healthy.  Treat  seed  with  Thiram  2.5g/kg  before  sowing  crop  rotation. 
Drench  the  nursery  beds  with  Captaf,  2.5g/litre  of  water.  Treat  top  soil  of  nursery 
with  Thiram  @  4-5g/m"  and  drench  the  beds  with  the  same  fungicide  @  2— 3g/ 
litre  water  at  fortnightly  intervals. 

Purple  blotch  ( Alternaria  porri):  Attack  both  onion  and  garlic.  This  disease 
appears  on  the  leaves,  larged  bleached  lesions  with  purple  centre,  that  get  rapidly 
enlarged,  leading  to  rot  of  infected  bulbs.  The  most  favourable  temperature  for 
this  disease  is  28°-30°C  with  80-90%  relative  humidity.  In  Maharashtra  it  is  common 
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in  kharif  season.  In  northern  India  it  is  very  serious  in  seed  crop.  To  control  the 
disease  spray  Dithane  M-45  (0.25%)  with  sticker  triton  (0.1%).  First  spray  on 
appearance  of  disease  followed  by  spray  at  15  days  interval. 

Stemphylium  blight  (Stemphylium  vesicarium):  Attack  both  onion  and 
garlic.This  is  a  major  fungal  disease  on  leaves  and  seed  crop  in  northern  India  and 
eastern  parts  of  the  country.  Symptoms  appear  as  small  yellow  to  orange  spots  or 
streaks  in  the  middle  of  leaves  and  on  flower  stalks  on  one  side.  To  control  the 
disease  spray  Mancozeb  (0.25%)  5  preventive  or  4  curative  sprays  at  15  days  interval 
in  bulb  crop.  Mancozeb  (0.25%)  or  copper  oxychloride  +  Sandovit  at  (0.1%)  at  15 
days  interval  for  seed  crop. 

Black  mould  (Aspergillus  niger):  This  is  a  very  common  storage  disease.  The 
black  powdery  masses  of  sporers  of  black  mould  are  borne  on  the  exterior  of  the 
scales  or  between  the  outer  scales  and  can  be  rubbed  off  easily.  Under  field 
conditions,  coloured  cultivars  seem  to  be  more  susceptible  than  white  ones.  To 
control  the  disease  protect  the  bulbs  from  moisture  after  harvest.  Store  the  bulbs 
at  about  0°C. 

Bottom  rot  or  basal  rot  (Fusarium  oxysporum):  This  disease  is  widespread  and 
soil-borne.  At  first  there  is  a  progressive  yellowing  and  dying  back  from  the  tips  of 
the  leaves;  the  aerial  parts  may  die  in  1-2  weks,  or  decay  may  extended  over  a  much 
longer  period.  Plants  that  are  infected  when  young  may  continue  to  grow  until 
havest  time.  Decay  starts  at  the  stem  plate.  The  roots  may  turn  pink  and  gradually 
decay.  Semi-watery  decay,  affecting  the  fleshy  scales,  starts  from  the  base  and 
progress  upwards.  The  disease  is  produced  at  temperatures  from  15°C  to  above 
30°C  and  an  optimum  at  about  28°C.  To  control  tne  disease  follow  crop  rotation 
for  4  years,  2-3  times  summer  ploughing,  store  the  bulbs  at  0-1  °C.  Soil  drenching 
with  Captaf  or  Thiram  @  0.2%. 

Tbrips  (Thrips  tabaci):  Considered  on  a  worldwide  basis,  the  onion  thnps  probably 
does  more  damage  to  onions  and  their  allies  than  do  all  the  other  animal  pests 
combined.  The  egg,  larval  and  adult  stages  are  found  on  the  plant,  but  pupation 
occurs  in  the  soil.  Both  the  larvae  and  the  adults  cause  injury.  They  feed  by  rasping 
the  surface  of  the  leaves  and  sucking  the  liberated  juices.  Badly  damaged  foliage 
may  give  the  entire  field  a  silvery  appearance,  yields  may  be  greatly  reduced  and 
keeping  quality  impaired.  On  the  seed  crop  the  thnps  accumulate  and  feed  on  the 
inflorescence;  they  injure  the  young  florets  and,  when  abundant,  cause  a  poor  set 
of  tight  seed.  The  cool  temperatures  slow  up  their  activities  and  reduce  the  number 
of  generations,  and  moreover  driving  rains  frequently  destroy  them  in  large  numbers. 
To  control  the  insect  spray  0.1%  Malathion+  0.1%  Sandovit,  4  sprays  at  15  days 
interval.  Spray  Metasystox  @  lml/litre  of  water+  Sandovit  0.1%  to  control  the 
insect.  In  seed  crop  spray  0. 1-0.2%  Endosulfan. 
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Production  technology  of  green  onion  (spring  onion) 

Both  non-bulbing  as  well  as  bulbing  types  are  used  as  green  onion.  The  latter 
can  be  harvested  at  any  stage  of  bulb  development,  but  generally  tender  plants  are 
preferred.  The  consumption  of  green  onion  is  almost  equal  to  that  of  mature 
onions  (dry  onions)  in  the  world.  Experiments  were  conducted  at  IARI,  New 
Delhi,  and  three  varieties  were  recommended  for  growing  as  green  onions,  viz. 
Early  Grano  (46  tonnes/ha),  Pusa  White  Flat  (44  tonnes/ha)  and  Pusa  White  Round 
(43  tonnes /ha).  For  green  onion  production,  seed  sowing  is  done  in  August  and 
transplanting  during  October  it  takes  75-80  days  after  transplanting  to  harvesting. 

Production  technology  of  long-day  types  of  onions  in  hills 

Four  long-day  cultivars  were  selected  and  tried  at  IARI,  Regional  Station,  Katrain, 
i.e.  White  Spanish,  Cream  Gold,  Early  Lockier  and  Brown  Spanish.  Among  them 
Brown  Spanish,  an  introduction,  has  been  found  to  be  the  best  and  most  suited 
for  growing  in  areas  1,000m  above  msl.  The  bulbs  of  Brown  Spanish  are  attractive, 
round  to  slightly  oblong  with  brown  colour,  yield  28  tonnes /ha.  The  technology  is 
as  follows: 

Seed  sowing  :  September  November 

Transplanting  :  March 

Harvesting  :  August 

Variety  :  Brown  Spanish 

The  bulbs  can  store  upto  March-Apnl.  The  long-day  varieties  can  only  be  grown 
in  hills  and  not  in  plains.  Maturity  is  150  days  after  transplanting  depending  upon 
the  variety  and  types. 

Harvesting 

Best  time  to  harvest  rabi  onion  is  one  week  after  50-70%  neck  fall.  In  khanf 
season,  since  tops  do  not  fall,  soon  after  the  colour  of  leaves  changes  to  slightly 
yellow  and  tops  starts  drying,  the  bulbs  are  harvested. 

Yield 

The  average  yield  of  big  sized  common  onion  (big  size)  is  25-30  tonnes/ha, 
small  sized  common  onion  is  16-20  tonnes/ha  and  multiplier  onion  is  15-18 
tonnes/ha. 


Economics  of  production 

On  the  basis  of  economic  survey  conducted  during  1991-92,  the  cost  of 


production  has  been  estimated  as  follows: 
Rabi  onion  Nasik 

Rajkot 

Kharif  Oion  Nasik 

Rajkot 


Rs  64/1 00kg 
Rs  98/1 00kg 
Rs  81/1 00kg 
Rs  103/1 00kg 
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Kharif  onion  grown  by  sets  Rs  80/1 00kg 

Agrifound  Rose  (Bangalore  Rose)  Karnataka  Rs  79/1 00kg 

Multiplier  onion  Tamil  Nadu  Rs  106/1 00kg 

POST-HARVEST  MANAGEMENT 


Drying  and  curing 

The  purpose  of  drying  to  remove  excess  moisture  and  curing  is  an  additional 
process  aiding  the  development  of  skin  colour  and  to  remove  field  heat  before 
bulbs  are  stored.  In  northern  India  for  kharif  season  curing  is  required  for  2-3 
weeks  alongwith  the  tops.  In  rabi,  bulbs  are  cured  in  field  for  3-5  days  in  windrow 
method,  tops  are  cut,  leavng  2— 2.5cm  above  the  bulbs  and  then  bulbs  are  again 
cured  in  shade  for  7-10  days  to  remove  the  field  heat.  Kharif  crop  in  Maharashtra 
after  harvest  are  field  cured  by  windrow  method  for  3-5  days  and  after  removing 
the  tops  and  shade  cured  for  7-10  days  to  remove  field  heat.  This  curing  system 
may  be  practised  for  small  and  multiplier  onion  also.  Curing  for  10-12  days  in 
shade  helps  in  development  of  more  number  of  skin  and  also  their  retention  for 
longer  period. 

Grading 

Thick  necked,  bolted,  doubles,  injured  and  decayed  bulbs  are  picked  out.  For 
marketing  internally  and  also  foreign  markets,  grading  needs  to  be  practised.  Big 
size  bulbs  are  in  demand  in  Delhi  market.  In  Calcutta,  Patna  and  Lucknow  markets, 
medium  sized  onions  are  in  demand.  At  Bangalore,  Bhopal  and  Jabalpur  and  also 
Hyderabad,  medium  to  big  size  bulbs  are  in  demand.  Small  sized  onions  are  preferred 
at  Bhubaneswar,  Guwahati  and  other  centres  in  north-eastern  region. 

Storage 

At  all  temperatures  there  was  a  gradual  loss  in  weight,  the  loss  at  32.3°-35°C 
was  approximately  twice  than  that  at  0°C.  The  onion  bulbs  can  be  stored  at 
temperature  of  23.9°-29.4°C  or  higher  for  5-6  months  without  sprouting  and 
without  excessive  loss  of  weight.  In  general  the  onion  that  has  been  stored  at  0°C 
sprouted  much  sooner  after  removal  from  storage  than  those  stored  at  33.2°- 
35°C.  A  temperature  of  0°C  and  a  relative  humidity  of  65-70%  has  been 
recommended  for  successful  storage.  Dormancy  of  onion  is  longer  at  both  lower 
(0°C)  and  higher  (30°C)  temperatures  than  at  intermediate  temperature  (10°-15°C). 
A  temperature  of  0°C  with  65-70%  relative  humidity  will  keep  onions  dormant 
and  reasonably  free  from  decay  for  about  6-8  months.  Different  type  of  storage 
structures  are  used  in  different  parts  of  the  country. 

Some  storage  models  by  NHDRF  and  NAFED  are  as  follows: 

Panipat  type-2-storied  structures :  Storage  capacity  4  tonnes,  size  6.09  m(L)  x 
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1.21m  (B)  1.52m  (H):  losses  15%  less  than  the  conventional  method;  cost  Rs.1,000- 

1,2°°.  ... 

Three-tier  onion  store  (at  NAFED  complex ,  Pimpal  Gaon,  Distt.  Nasik ):  Onion 

are  kept  up  to  1.21  meters  platform,  storage  capacity,  750  tonnes;  losses  20%  less 

than  conventional  method;  estimated  cost  Rs  10  lakh. 

Two-tier  model  store  (at  NAFED  complex ,  Lasal  Gaon,  Distt.  Nasik):  Storage 
capacity  50  tonnes/tier,  losses  15%  less  than  conventional  method;  estimated  cost 
Rs  3  lakh.  For  the  kharif  onion  spraying  of  Maleic  Hydrazide  2,500ppm  75-90 
days  after  transplanting  check  the  sprouting  up  to  a  satisfactory  level  (it  should  not 
be  used  in  rabi  crop,  it  would  not  work  at  higher  temperatrue).  At  the  Bhabha 
Atomic  Research  Centre,  Trombay,  irradiated  bulbs  with  gamma  rays  at  very  low 
dose  levels  (4,000-9,000  krads)  offered  an  effective  physical  method  to  control 
sprouting  of  onions. 

Packaging 

Onions  are  packed  in  jute/gunny  bags  for  transportation  to  yard.  For  safe 
handling  40kg  open  mesh  jute  bags  having  200-300g  weight  are  packed  for  domestic 
market.  For  export  common  big  onions  are  packed  in  8-25kg  size  open  mesh  jute 
bags.  Bangalore  Rose  and  multiplier  onions  are  packed  for  export  in  14-1 5kg 
wooden  baskets.  Plastic  netted  bags  are  not  common  in  India.  In  foreign  countries 
plastic  netted  bags  for  onion  packing  are  very  common. 

Transportation 

Transportation  plays  an  important  role  in  the  marketing  of  onion  both  within 
the  country  and  outside.  It  is  necessary  to  have  quick  movement  from  producing 
area  to  final  consuming  centres.  Onion  stocks  are  transported  in  bullock  carts, 
tractor  trolleys  and  trucks,  as  also  by  railway  wagons  over  longer  distance  within 
-the  country.  Onions  are  transported  to  ventilated  ships  as  well  as  railing  vessels/ 
motor  boats  for  export  to  Gulf  and  South-East  Asian  countries. 

For  safe  transportation  of  onions,  sorting  and  grading  must  be  practiced 
thoroughly  and  also  suitable  packages  of  jute  9  X  10  mesh  per  inch  should  be 
used.  It  is  necessary  to  have  cushioning  material  below  the  bags  to  avoid  damage 
to  onion  from  jerks  due  to  poor  roads.  Over  rottage  etc.  are  lower  in  trucks  than 
wagons,  transport  by  trucks  is  costlier  than  railway  wagons.  Ventilated  wagons 
should  be  arranged. 

Marketing 

Out  of  the  total  production  in  the  country,  it  is  estimated  that  the  loss  of  about 
30-40%  occurs  during  various  processes  of  handling  after  harvesting  and  in  the 
course  of  marketing.  About  5%  of  total  supply  is  exported  and  remaining  60-65% 
is  consumed  internally  and  used  as  seed  material. 
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A  number  of  agencies,  including  producers,  villagers,  merchants,  wholesellers, 
commission  agents  and  co-operatives  are  involved  in  marketing.  The  co-operahves 
have  been  playing  a  significant  role  in  the  marketing  of  onions  particularly  after 
NAFED’s  entry  in  this  trade.  Lasalgaon  in  Maharashtra  is  the  biggest  onion  market 
in  India.  About  40%  of  the  total  production  of  onion  of  Nasik  district  arrives  in 
this  market.  Peak  period  of  arrival  in  this  market  is  November  to  June  when  30% 
of  the  total  arrivals  are  received.  Export  of  onion  on  regular  basis  also  helps  grower 
in  getting  remunerative  price. 

Export 

India  is  traditional  exporter  of  onion.  Even  during  1951—52  the  country  exported 
more  than  5,000  tonnes  per  annum.  It  touched  new  height  during  1994-95,  i.e. 
4.97  lakh  tonnes  with  value  of  Rs  257  crores.  Presently  large  onion  is  being  exported 
to  Malaysia,  Dubai,  Qatar,  Kuwait,  Singapore,  Snlanka,  Mauritius,  Bangladesh  and 
Nepal  and  small  onions  to  Bangladesh,  Singapore  and  Malaysia.  The  Netherlands 
is  the  leading  exporter  of  onion,  Spain  and  India  are  at  the  second  and  third  place 
respectively.  Indian  export  is  about  12%.  Export  is  canalized  through  the  NAFED 
and  its  associate  shippers.  The  export  of  big  onion  is  mainly  from  Maharashtra, 
Gujarat  and  Tamil  Nadu  ports.  Export  to  Bangladesh  and  Nepal  is  from  Uttar 

Table  5.  Schedule  for  sowing,  transplanting  and  harvesting  of  onion  in  different  areas  for 
_ gatting  successful  crop 


Season 

Time  of  sowing 

Time  of  transplating 

Time  of  harvesting 

Maharashtra  and  part  of  Gujarat 

Kharif 

May-June 

July-August 

October- 

December 

Late  kharif  or  early  Aug-September 

September-October 

January-March 

Rabi 

Rabi 

November-December  Decern ber-J an uary 

April-June 

Tamil  Nadu,  Karnataka  and  Andhra  Pradesh 

Early  kharif 

April-May 

May-June 

August 

Kharif 

May-June 

July-August 

October- 

November 

Rabi 

September-October 

November-December 

March-April 

Rajasthan,  Uttar  Pradesh,  Haryana,  Bihar,  Punjab,  West  Bengal  and  Orissa 


Kharif 

Rabi 

May-June 

October-November 

July-August 

December-January 

November- 

December 

May-June 

Hills 

Rabi 

Summer 

(Long-day-type) 

September-October 
October  end  to 
early  November 

October-November 

March 

June-July 

August- 

September 
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Table  6.  Percentage  estimated  area,  production  and  percentage  of  total  productin 

in  different  season 


Seasons 

Area 

(1,000  hectares) 

Production 
(1000  tonnes) 

Percentage  of 
production  (%) 

Early  kharif 

14.00 

164.00 

4.50 

Kharif 

45.00 

650.00 

18.05 

Late  kharif 

37.55 

597.00 

17.00 

Rabi 

187.75 

2,034.00 

60.00 

Pradesh  and  Bihar  by  road.  About  90%  export  is  of  big  onion  varieties,  viz.  N-53^ 
N-2-4-1,  Bellary  Red,  Patna  Red,  Agrifound  Dark  Red,  Agrifound  Light  Red,  Pusa 
Red,  Pusa  Madhvi  and  Arka  Niketan.  The  export  of  small  onion  varieties, 
viz. Agrifound  Rose,  Arka  Bindu,  Bangalore  Rose  and  multiplier  onion  varieties, 
viz.  C04,  C03  and  Agrifound  Red  is  10%.  Not  all  the  foreign  markets  demand 
one  type  of  onion.  Some  countries  demand  big  onion,  whereas  others  small  and 
multiplier  onions.  Colour  preference  also  varies  with  country.  Middle  East  countries 
light-red  to  dark-red,  Malaysia  dark-red,  Sri  Lanka  dark-red  to  light-red  and 
Bangladesh  small  onion  of  light  red  to  dark-red.  European  countries,  America  and 
Japan  demand  yellowish  or  brown  onions  having  mild  pungency.  Bangladesh  prefers 
onion  of  3-4cm.  size  and  Gulf  countries  and  Far  East  countries  prefers  onions  of 
4—  6cm  size.  European  and  Japanese  markets  prefer  onions  of  6-7cm  size  on  an 
average.  Malaysia  and  Singapore  prefer  2. 5-3. 0cm  as  in  Bangalore  Rose  onions 
and  bigger  bullets  in  multiplier  types. 

Dehydration 

To  regulate  the  production  and  prices  it  is  essential  to  develop/ establish 
dehydration  industries  in  our  country.  This  industry  can  also  be  developed  on  a 
large  scale  to  undertake  the  export  of  dehydrated  onions.  The  desired  drying  ratio 
required  is  6:1,  while  in  most  of  our  varieties  the  drying  ratio  is  10  :  1.  There  is  an 
urgent  need  to  improve  the  dry-matter  contents  of  our  varieties.  Presently  Pusa 
White  Flat,  Pusa  White  Round,  Punjab  48  (S-48),  N  257-9-1  and  Udaipur  102 
have  been  identified  for  dehydration  purposes. 


Garlic 

{Allium  sativum  L.) 

Narendra  Singh  and  Netra  Pal 


Area  and  Production 

Next  to  the  common  onion,  the  most  widely  used  of  the  cultivated  Alliums  is 
probably  garlic.  Garlic  is  one  of  the  most  important  bulb  crops  grown  throughout 
India.  A  global  review  of  area  and  production  of  garlic  shows  that  world  area  is 
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968  thousand  hectares  and  production  is  10,401  thousand  metric  tonnes.  China, 
India,  Republic  of  Korea,  Spain  and  Thailand  are  major  garlic  growing  countries. 
China  ranks  first  in  area  and  production  (527  thousand  hectares  and  7,674mt). 
India  ranks  second  in  area  (86  thousand  hectares)  and  third  in  production  (350 
thousand  metric  tonnes).  In  productivity  Egypt  tops  the  list  (21.5  tonnes/ha) 


Table  1.  Area,  productivity  and  production  of  garlic  in  world  and 
different  countries  during  1996 


World  and  countries  Area 

(1,000ha) 

Productivity 

(kg/ha) 

Production 

(1,000mt) 

World 

986 

10,549 

10,401 

china 

557F 

13,781 

7,674f 

Korea  Rep 

35f 

10,268 

360F 

India 

86F 

4,070 

350F 

USA 

1 3F 

18,560 

232F 

Spain 

27 

8,140 

221 

Indonesia 

1 9F 

6,842 

1 30F 

Egypt 

6F 

21,429 

1 20f 

Thiland 

25F 

4,516 

1 1 2F 

Turkey 

1 2f 

7,881 

93F 

Ukraine 

20F 

4,300 

86* 

F,  FAO  estimates;  *,  Unofficial  figures. 

Source:  Indian  Horticulture  Data  Base,  National  Horticulture  Board,  Ministry  of  Agriculture, 
pp.  480,  January  1998. 


Table  2.  State-wise  area,  productin  and  productivity  of  garlic  during  1992-93 


States 

Area 
('000  ha) 

Share  (%) 

Production 
('000  tonnes) 

Share  (%) 

Productivity 

(tonnes/ha) 

Andhra  Pradesh 

0.90 

1.05 

1.50 

0.42 

1.67 

Bihar 

2.50 

2.92 

4.30 

1.21 

1.72 

gujarat 

19.40 

22.69 

103.10 

28.98 

5.31 

Haryana 

0.50 

0.58 

6.40 

1.80 

12.80 

Jammu  &  Kashmir 

0.40 

0.47 

0.30 

0.80 

0.75 

Karnataka 

2.80 

3.27 

2.30 

0.65 

0.82 

Madhya  Pradesh 

22.20 

25.96 

86.80 

24.40 

3.91 

Maharashtra 

5.90 

6.90 

40.40 

11.35 

6.85 

Nagaland 

0.10 

0.12 

Neg. 

0.00 

- 

Orissa 

18.00 

21.05 

55.60 

15.63 

3.09 

Punjab 

0.50 

0.58 

8.60 

2.42 

17.20 

Rajasthan 

5.50 

6.43 

17.90 

5.03 

3.25 

Tamil  Nadu 

0.60 

0.70 

3.60 

1.01 

6.00 

Uttar  Pradesh 

6.20 

7.25 

25.00 

7.03 

4.03 

All  India 

85.50 

- 

355.80 

- 

4.16 

Source:  Directorate  of  Economics  and  Statistics.  Indian  Cocoa,  arecanut  and  spices  Journal, 
pp  71-79,  1995. 

Source:  Cocoa,  Arecanut  and  Spices  Journal,  XIX  (3):  1978. 
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followed  by  USA  (18.6  tonnes/ha).  The  productivity  in  India  is  4.1  tonnes/ha 
(Table  1).  The  per  capita  availability  of  garlic  is  the  highest  in  Korean  Republic,  i.e. 
11.14kg/year,  whereas  in  India  it  is  only  0.340kg/year. 

In  India,  Madhya  Pradesh  is  the  leading  state  accounting  for  22.2%  area  and 
24.40  production,  with  average  yield  of  3.91  tonnes/ha.  Gujarat  has  the  highest 
percentage  share  of  production  i.e.  28.98%.  Other  major  growing  states  are  Orissa, 
Uttar  Pradesh  and  Maharashtra.  In  India  yield/ha  is  highest  in  Punjab  (17.20  tonnes/ 
ha)  followed  by  Haryana  (12.80  tonnes/ha)  and  Maharashtra  (6.85  tonnes/ha) 
(Table  2). 

A  considerable  amount  of  garlic  is  exported  to  different  countries  from  India. 
During  the  year  1991-92  the  export  was  9,894  metric  tonnes  with  value  Rs  763.25 
lakhs  during  the  year  1992-93  the  export  was  7,700  metric  tonnes  value  of  Rs  716.98 
lakhs. 

Food  value  and  usage 

Garlic  is  used  as  a  spice  or  condiment  throughout  India.  Garlic  has  higher 
nutritive  value  than  other  bulb  crops.  A  colourless,  odourless,  water-soluble  amino 
acid  known  as  alliin  is  present  in  uninjured  garlic.  On  injury  of  the  cells,  an  enzyme, 
allinase  comes  in  contact  with  alliin  and  causes  its  breakdown  into  a  sulphur 
containing  product  allicm.  Allicin  is  the  antibacterial  substance  of  garlic  and  has 
the  typical  odour  of  fresh  garlic.  It  is  unstable  and  breaks  down  into  the  strong 
smelling  constituents  of  garlic  oil.  The  alliin  of  Allium  sativum  contains  an  allyl 
radical  from  which  is  derived  the  pungent  diallyl  disulphide  of  garlic  oil  and  possibly 
also  the  other  allyl  products  observed.  Garlic  contains  0.1-0.4%  essential  oil.  The 
chief  constituents  of  the  oil  are  diallyl-disulfide  (60%),  diallye  trisulfide  (20 /o), 
allyl-propyl  disulfide  (6%)  a  small  quantity  of  diethyl  disulfide  and  probably  diallyl 
polysulfide.  Diallyl  disulfide  is  said  to  possess  true  garlic  odour. 

Garlic  is  considered,  to  possess  antibacterial,  antibiotic,  antitumour,  antiviral, 

Table  3.  Nutritive  value  of  garlic  per  IQOg  of  edible  portion  (garlic,  dry) _ 


Moisture  (g) 

62.0 

Thaimine  (mg) 

0.06 

Protein  (N6.25)  g 

6.3 

Riboflavin  (mg) 

0.23 

Fat  (g.) 

0.1 

Niacin  (mg) 

Minerals  (g.) 

1.0 

Vitamin  C  (mg) 

13.00 

Fibre  (g) 

0.8 

Minerals  and  trace  elements 

Carbohydrates  (g) 

29.8 

Mg  (mg) 

71.00 

Energy  (K  Cal) 

145.0 

Cu  (mg) 

0.63 

Calcium  (mg) 

160.0 

Mn  (mg) 

0.86 

Phosphorus  (mg) 

370.0 

Zn  (mg) 

1.93 

Iron  (mg) 

6.5 

Cr  (mg) 

0.02 

Source:  Nutritive  value  of  Indian  foods.  National  Institute  of  Nutrition ,  Indian  Council  of 
Medical  Research,  Hyderabad-500  007,  India,  reprinted  1995. 
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antifungal,  anticandidal,  antimycotic,  andthrombotic,  fibrinolytic,  antirosclerosis, 
platelet  aggregation  inhibitory,  hypoglycemic,  cystotoxic  and  lipid  lowering 
properties.  Allicin,  ajoene,  dhthins  and  the  essential  oil  are  the  principal  contributers 
in  this  direction. 

Garlic  oil  is  an  item  of  commerce.  Fresh  garlic  bulbs  and  whole  plant  on  steam 
distillation  yield  0.1-0. 2  and  0.05-0.9%  respectively  of  essential  oils.  Up  to  0.5% 
oil  has  been  derived  from  the  bulb.  For  recovery  of  the  oil,  fresh  garlic  is  the  best. 
This  essence  consists  primarily  of  diallyl,  dimethyl  and  allyl  methyl  sulfide,  disulfide 
and  trisulfide  and  a  few  minor  components  including  those  containing  an  n-propyl 
group,  all  formed  by  thermal  decomposition  of  allicin  and  its  homologues. 

Origin,  distribution  and  taxonomy 

From  its  original  home  in  central  Asia,  i.e.  where  it  extends  from  mountainous 
(southern),  Turkmenia  north  eastward  in  Pamir-Alai  and  Tien  Shan  regions,  it 
spread  in  perhistoric  times  to  the  Mediterranean  region,  where  its  virtues  are  still 
cherished  perhaps  more  than  in  any  other  region  of  the  world.  A.  longicuspis  Rgl.is 
believed  to  be  its  wild  ancestor.  Models  of  garlic  bulbs  were  found  in  pre-dynastic 
cemeteries  in  Egypt  before  3,000  BC.  It  reached  China  and  is  grown  in  China  and 
India  since  a  long  time.  Carried  to  the  western  hemisphere  by  the  Spanish, 
Portuguese  and  French,  it  is  grown  and  used  mainly  in  countries  of  Mediterranean 
climate  and  in  areas  that  have  been  populated  by  South  Europeans. 

Garlic  belongs  to  family  Alliaceae,  genes — Allium  and  spp.  sativum  L.  The 
chromosome  number  is.2n=2x=16.  It  is  a  perennial  species,  producing  a  much 
divided  bulb,  consisting  of  several  cloves,  covered  by  a  thin  white  skin.  It  differs 
from  A.  cepa  in  that  the  leaf  base  does  not  store  food,  but  matnc  as  dry  scales 
enclosing  the  cloves.  The  cloves  are  well  developed  axillary  buds  within  the  thin 
foliage  leaves.  Garlic  is  a  sexually  sterile  diploid,  unknown  in  the  wild.  Under 
domestication  it  has  become  exclusively  propagated  by  vegetative  methods,  i.e.  by 
cloves  and  in  some  cases  inflorescence  bulbils  (Jones  1983). 

CROP  IMPROVEMENT 

Breeding  method 

Many  cultivars  of  garlic  that  are  now  known  must  have  arisen  as  vegetative 
mutations  during  the  long  period  of  garlic  cultivation.  The  variation  among  cultivars 
is  great  and  conspicuous  differences  can  be  found  in  plant  size,  yield,  content  of 
solids,  time  of  maturity,  ease  of  bolting,  stability  and  the  number,  size,  shape  and 
colour  of  the  cloves. 

For  species  like  garlic  which  do  not  undergo  normal  cross  fertilization  and 
genetic  exchange,  in  vitro  tissue  culture  techniques  open  up  the  possibility  of  genetic 
modification  and  perhaps  genetic  interchange.  Thereby  genetic  variability  can  be 
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generated  and  the  selection  of  improved  types  becomes  a  possibility.  Considerable 
progress  has  been  made  with  garlic. 

Recently  improvement  work  has  been  started  systematically  by  NHRDF, 
NBPGR,  NRC  for  onion  and  garlic,  and  by  various  State  Agricultural  Universities. 
Sigmfcant  results  achieved  so  far  are  described  below. 

Varieties 

The  varieties  developed  are  Godavari  and  Sweta  at  MPKV  Rahuri;  HG  1  and 
HG  6  at  CCSHAU,  Hissar,  Pusa  Sel.  10  at  IARI,  New  Delhi,  LCC  1  at  PAU, 
Ludhiana,  ARU  52  at  VPKAS,  Almora  and  Agrifound  White  (G  41),  Yamuna  Safed 
(G  1).  Yamuna  Safed  2  (G  50),  G  282  and  Agrifound  Parvati  at  NHRDF.  These 
varieties  are  mosdy  small  bulbed  and  have  more  number  (20-30)  of  smaller  cloves. 
G  282  and  Agrifound  Parvati  have  bigger  bulbs  with  bigger  cloves  and  cloves  are 
fewer  in  number.  The  characters  of  some  of  these  varieties  are  give  below. 

Agrifound  White  (G  41):  The  bulbs  are  compact,  silvery-white  skinned  with 
creamy-flesh.  Diameter  of  bulb  is  3.5-4.5cm  and  number  of  cloves/bulb  is  20-25. 
The  variety  is  susceptible  to  purple  blotch  and  stemphylium-  blight  which  are 
common  in  northern  India.  It  is  recommended  for  culdvation  in  the  areas,  where 
there  is  no  much  problem  of  purple  blotch  or  stemphylium  blight  in  rabi  season. 
TSS  41%,  dry-matter  43%  and  good  storer.  Average  yield  is  13  tonnes /ha. 

Yamuna  Safed  (G  1):  The  bulbs  are  compact,  silvery-white  skinned  with  25-30 
sickle  shaped  cloves  and  creamy  flesh.  Diameter  of  bulb  is  4.0-4. 5cm.  It  is  tolerant 
to  insect  pests  and  diseases  like  thrips,  purple  blotch  and  stemphylium  blight.  Total 
soluble  solids  (TSS)  38%,  dry-matter  39.5%.  The  average  yield  is  15.0-17.5  tonnes/ 
ha.  It  is  recommended  for  cultivation  all  over  India. 

Yamuna  Safed  (G  50):  The  bulbs  are  compact,  attractive  with  35-40  cloves/ 
bulb  and  white -creamy  flesh.  Bulb  diameter  is  3.5-4.0cm;  TSS  38-40%;  dry-matter 
40-41%.  The  average  yield  is  15-20  tonnes /ha.  The  variety  is  recommended  for 
northern  parts  of  India. 

G  282:  The  leaves  are  wider  than  other  varieties.  Bulbs  are  creamy-white  and 
big  size  (5-6cm  diameter),  having  15-16  cloves/bulb.  Total  soluble  solid  38-42% 
dry  matter  39-43%,  medium  storer  yield  17.5-20  tonnes/ha,  suitable  for  export 
purposes.  It  performed  very  well  in  northern  and  central  India. 

Agrifound  Parvati  (G  313):  A  selection  from  the  material  collected  from 
Hong  Kong  market.  It  is  a  long-day-type  and  as  such  is  suitable  for  cultivation  in 
hill  of  northern  states.  Bulbs  are  of  bigger  size  (5-6cm  diameter),  creamy-white 
with  pinkish-tinge,  10-16  cloves/bulb,  tolerant  to  common  diseases.  Average  yield 
17.5-22.5  tonnes/ha.  It  is  medium  storer  and  suitable  for  export. 

Some  local  cultivars  are  grown  in  different  parts  of  the  country.  Two  distinct 
types,  viz.  Fawari  and  Rajalle  Gaddi,  are  grown  in  Bellary  district.  Some  other  local 
strains  are  Madrasi,  Tahiti,  T  56-4  and  Jamnagar. 
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Soil 

The  soil  requirements  are  the  same  as  those  for  onion  except  that  garlic  needs 
a  richer  soil  than  onion.  It  thrives  better  on  fertile,  well  drained  loamy  soils.  The 
pH  of  soil  between  6-7  is  suitable  for  good  crop.  Highly  alkaline  and  saline  soils 
are  not  suitable  for  garlic  cultivation. 

Climate 

Garlic  is  a  frost-hardy  plant,  requiring  cool  and  moist  period  and  relatively  dry 
period  during  bulb  maturity.  There  are  two  types  of  varieties.  One  suitable  for 
long-day  conditions  (around  30°N)  and  the  other  for  short-day  conditions.  In 
India  mosdy  short-day  types  are  grown.  In  general  cool  growing  period  gives  more 
yield  than  warm.  Garlic  should  be  planted  early  to  promote  vegetative  growth 
under  short-day  conditions  and  cool  temperature.  The  critical  day  length  for  bulbing 
is  12  hours.  Exposure  of  dormant  cloves  or  young  plants  around  20°C  or  lower 
depending  upon  the  varieties  for  1-2  months  hastens  subsequent  bulbing. 

Propagation 

G;  rlic  is  propagated  vegetatively  by  cloves.  Bulbils  produced  in  some  varieties 
are  also  used  as  planting  material.  Tissue  culture  technique  has  also  been  developed 
to  produce  healthy  garlic  plants. 

Methods  of  planting 

Dibbling:  Fields  are  divided  into  small  plots  convenient  for  irrigation.  Cloves 
are  dibbled  5-7. 5cm  deep  keeping  their  growing  ends  upward. 

Furrow  planting :  Furrows  are  prepared  with  hand  hoe.  The  cloves  are  dropped 
in  the  furrows  by  hand.  These  are  then  covered  lightly  with  loose  soil. 

Broad  casting :  Cloves  are  scattered  evenly  in  well  levelled  field/seed  bed  by 
hand.  Covered  by  harrowing  and  field  is  divided  into  small  plots  for  irrigation. 
This  is  used  mostly  in  Gujarat.  In  Lahaul  and  Spiti  district  of  Himachal  Pradesh 
bulbils  are  first  sown  in  nursery  and  then  transplanted  after  45  days  in  main  field  at 
proper  distance. 

Spacing 

The  planting  distance  varies  in  different  regions  of  India.  In  Punjab  15  x  8cm 
spacing  gave  the  best  results.  Under  Karnal  conditions  10  x  7.5cm  has  been 
recommended.  For  bigger  bulb  and  bigger  cloves  a  spacing  of  15  x  10cm  is 
recommended. 
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Time  of  planting 

The  time  of  planting  differs  from  region  to  region.  It  is  planted  during  August- 
October  in  Madhya  Pradesh,  Maharashtra,  Karnataka  and  Andhra  Pradesh  and 
during  September-November  in  northern  parts  of  India.  In  Gujarat  planting  is 
done  during  October-November.  In  West  Bengal  and  Orissa  also  October- 
November  is  the  best  time.  Proper  time  for  planting  in  hills  is  March— April,  but  it 
can  be  planted  during  September-October. 

Planting  material  and  requirement 

Cloves  of  8-10mm  dia  give  increased  yield  of  better  quality.  Care  should  be 
taken  to  select  bigger  cloves  from  the  outer  side  of  the  bulbs.  Long,  slender  cloves 
present  in  the  centre  should  not  be  used  for  planting.  Such  cloves  give  poorly 
developed  bulbs.  About  500kg  cloves  of  8— 10mm  dia  are  required  to  plant  one 
hectare. 

Preparation  of  field 

The  field  is  ploughed  to  fine  tilth  by  giving  four  to  five  ploughing  with  a  sufficient 
intervals  between  two  ploughings.  The  ploughing  should  be  shallow,  not  more 
than  8-10cm  depth.  Planking  should  be  done  for  levelling.The  width  of  plots 
should  be  such  that  interculture  operations  are  possible  to  be  taken  up  manually 
sitting  on  bunds. 

Manures  and  fertilizers 

The  manure  and  fertilizers  requirement  are  60-1 25kg  N,  35— 65kg  P  and  0- 
100kg/ ha  K  for  different  parts  of  the  country.  Besides,  organic  manure  (farmyard 
manure)  10-50  tonnes/ha  is  recommended.  Farmyard  manure  may  be  mixed 
thoroughly  in  soil  at  the  time  of  land  preparation,  whereas,  complete  dose  of 
phosphorus,  potash  and  half  of  nitrogen  may  be  applied  before  planting.  Another 
half  dose  of  nitrogen  may  be  applied  after  a  month  of  planting.  Excessive  nitrogen 
results  in  thick  neck  and  sprouting  before  harvest.  Micro-nutrients  are  effective  in 
increasing  the  yield.  MnSOij,  0.1%,  boric  acid  0.2%,  CuSCL  0.02 /o  or  ZnSCL, 
0.02%,  stimulate  dry-matter  accumulation  in  the  cloves.  Borax  up  to  lOkg/ha 
increases  bulb  size  and  yield. 

Irrigation 

In  general  garlic  needs  irrigation  at  an  interval  of  eight  days  during  vegetative 
growth  and  of  10-15  days  during  maturation.  As  the  crop  reaches  maturity  (when 
crops  first  begin  to  break  over  or  become  dry)  irrigation  should  be  stopped. 

Interculture 

Intercultural  operations  are  similar  to  onion.  First  weeding  is  done  after  one 
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month  of  planting  and  second  after  two  months  of  planting.  Pendimethalin  @ 
3.35  litre/ha  after  planting  and  before  first  irrigation  plus  one  hand  weeding  at  45 
days  after  planting  has  been  recommended  for  effective  weed  control. 

Harvesting 

The  crop  is  ready  for  harvesting  when  tops  turn  yellowish  or  brownish  and 
show  signs  of  drying  up  and  bend  over.  The  bulbs  begin  to  mature  4-5  months 
after  planting  depending  on  season  and  soil.  Garlic  is  produced  only  in  one  season, 
i.e.  winter  ( rabi ).  In  India  harvesting  is  done  manually  by  hand.  Bulbs  are  taken  out 
along  with  tops  and  windrowed  gathering  several  rows  in  each  row.  Harvesting  in 
Madhya  Pradesh  is  in  February  and  continues  up  to  March-Apnl.  In  most  pockets 
garlic  is  harvested  during  March-Apnl.  In  southern  hills  and  northern  hills 
harvesting  is  done  during  July-September. 

Yield  economics  of  production 

The  average  yield  is  10-20  tonnes /ha  depending  upon  the  variety.  On  the  basis 
of  economic  survey  conducted  during  1991-92,  the  cost  of  production  of  garlic 
has  been  estimated  at  Rs  1,500,  Rs  1,910  and  Rs  2,260/tonne  in  Rajkot,  Jonner  and 
Indore  areas  respectively. 

POST-HARVEST  MANAGEMENT 

Curing 

Curing  is  an  additional  process  of  drying  to  remove  the  excess  moisture  and  to 
allow  the  bulbs  to  become  compact  and  go  into  dormant  stage.  After  harvesting, 
the  bulbs  are  cured  in  field  about  a  week.  The  bulbs  are  covered  alongwith  the  tops 
of  each  other  to  avoid  damage  from  the  sun.  Then  these  bulbs  are  cured  for  7-8 
days  in  shade  either  with  tops  or  after  cutting  tops  leaving  2.5cm  of  the  stalk. 
Curing  in  shade  may  be  done  on  a  floor  having  ventilation  from  bottom  or  on  wire 
racks. 

Sorting  and  grading 

After  curing  before  they  go  into  storage  or  for  marketing,  the  thick  necked, 
splitted,  injured,  diseased  or  bulbs  with  hollow  cloves  are  sorted  out.  Grading  is 
done  according  grades,  viz.  big  (30mm  dia),  medium  (25mm)  and  (small  12mm). 

Storage 

Thoroughly  cured  garlic  bulbs  keep  fairly  well  in  ordinary  ventilated  room. 
Bulbs  are  stored  for  6-8  months  at  relative  humidity  higher  than  70%  at  any 
temperature  will  develop  moulds  and  start  root  growth.  Cold  storage  of  garlic  is 
possible  at  0°-2.2°C  temperature  and  60-70%  relative  humidity.  Irradiation  with  6 
krad  of  cobalt  60  gamma  rays  has  also  been  recommended  for  successful  storage. 
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Storage-life  of  garlic  is  prolonged  and  loss  in  weight  is  reduced  by  spraying  Maleic 
hydrazide,  3,000ppm,  3  weeks  before  harvest. 

Marketing 

Garlic  is  a  condiment  crop  and  has  fairly  constant  market  demand.  Garlic  is 
transported  to  assembling  centres  in  open  bullock  carts  or  tractor  trolleys  in  open. 
It  is  also  brought  in  jute  bags  in  trucks.  While  loading  bags  in  trucks  care  should  be 
taken  in  loading  up  to  6-8  bags.  After  reaching  assembly  centres,  they  are  sold  to 
local  wholesellers  for  distributing  to  the  consumer  markets.  Important  assembling 
markets  (regulated)  are  Palitana,  Jamnagar,  Gondal  and  Rajkot  in  Gujarat;  Junner 
in  Maharashtra;  Mandsaur,  Pipalia,  Neemach,  Shamgarh,  Javara  and  Indore  in 
Madhya  Pradesh;  Periakulam  and  Virudhunagar  in  Tamil  Nadu,  Belgam  in 
Karnataka  and  Etah,  Jahangirabad  in  Uttar  Pradesh.  Most  important  distributing 
markets  are  Bombay,  Delhi,  Patna  and  Hyderabad. 

Export 

India  has  been  exporting  garlic  for  many  years.  The  export  of  garlic  during 
1961-62  was  2,036  metric  tonnes  to  worth  Rs  of  19.03  lakh  it  has  gone  up  9,894 
metric  tonnes  worth  Rs  763.25  lakhs  during  1991-92.  Garlic  is  exported  to  Quatar, 
Saudi  Arabia,  UAE,  Bahrain,  Mauritius,  Kuwait,  Bangladesh  and  Sri  Lanka.  The 
export  has  been  ranging  from  2-3%  of  domestic  production.  The  export  of  only 
selected  bulbs  of  more  than  40mm  size  is  mainly  from  Madhya  Pradesh.  Earlier  in 
the  above  mentioned  countries,  the  demand  was  for  smaller  cloved  garlics  grown 
in  India.  Now  the  demand  from  all  over  world  is  only  for  bigger  cloved  garlic 
bulbs.  Preference  is  for  bulbs  having  40-60mm  diameter,  with  10-15  cloves  in 
each  bulb.  Concentrated  efforts  are  therefore  needed  to  develop  large  sized  cloves 
for  export.  Recently  production  of  bigger  cloved  garlic  which  are  of  long-day- 
types  is  being  taken  up  near  Kodaikanal  and  Mettupalayam  in  Tamil  Nadu  and 
northern  hills  of  Uttar  Pradesh,  Himachal  Pradesh  and  Jammu  and  Kashmir. 

Dehydration 

Garlic  makes  an  excellent  dehydrated  product  and  its  use  in  the  dry  form  has 
great  scope  particularly  in  foreign  countries  where  there  is  scarcity. 
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Pea 

(. Visum  sativum  L.) 

B  S  Prabhakara,  L  B  Naik,  N  Mohan  and  B  Varalakshmi 

Pea  ( Pisum  sativum  L.)  is  an  important  vegetable  crop  grown  throughout  the  world. 
In  India,  it  is  grown  mainly  as  a  winter  vegetable  in  the  plains  of  North  India  and 
as  a  summer  vegatable  in  the  hills  in  other  states.  Peas  are  utilized  mainly  as  a 
vegatable.  Besides,  it  is  also  consumed  as  a  pulse.  Sometimes,  the  field  pea  is  grown 
for  forage  and  green  manure  and  the  pods  are  sometimes  fed  to  farm  animals.  The 
whole  pod  of  sugar  pea  can  be  eaten  as  the  pod  walls  contain  less  fibre.  Peas  are 
highly  nutritive  and  are  rich  source  of  digestible  proteins  (7%),  along  with  carbo¬ 
hydrates  and  vitamins.  It  is  used  as  a  fresh  vegetable  or  in  soup,  canned,  processed 
or  dehydrated.  Pea  haulms  form  a  nutritive  fodder.  Green  pea  occupies  an  area  of 
7,42,000ha  with  a  production  of  4,346,000  tonnes  in  the  world.  While  in  India,  it 
occupies  an  area  of  79,789ha  with  a  production  of  4,88,252  tonnes.  The  average 
yield  in  India  is  6.12  tonnes/ha  which  is  at  par  with  the  world  average  of  6.1 
tonnes/ha. 

Origin  and  distribution 

Central  Asia,  the  Near  East,  Abyssinia  and  the  Mediterranean  are  the  centres  of 
origin  for  peas  (Vavilov,  1926).  Pisum  elatius,  a  wild  species  is  considered  as  the 
ancestor  of  pisum  sativum. 

Botany 

Peas  {pisum  sativum  L.)  are  diploid  with  a  chromosome  number  of  n=7  (2n=14). 
There  are  two  sub-species,  namely  Pisum  arvense  known  as  field  pea,  coloured- 
flowers  and  Pisum  sativum,  the  white- flowered  horticultural  or  garden  pea  also 
known  as  sweet  pea.  Pea  is  a  herbaceous  winter  annual,  stem  angular,  glaucous, 
leaves  alternate,  distichous,  rachis  terminates  into  a  simple  or  branched  tendril, 
1-3  flowers  per  receme,  corolla  white,  pink  or  purple,  stamens  diadelphous,  pods 
straight  or  curved,  and  seeds  smooth  or  wrinkled. 

Varieties 

Pea  cultivars  are  grouped  on  the  basis  of  seed  into  smooth  or  wrinlke  seeded 
types;  bush,  medium  tall  and  tall  types  based  on  height  and  early,  mid-season  and 
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late  cultivars  according  to  maturity.  I|n  early  types,  pods  mature  in  50  days,  in  mid¬ 
season  types  in  60-65  days  and  in  late  types  70-75  days.  Usually,  dwarf  types  are 
early,  mid-season  types  are  medium  tall  and  late  types  are  tall  and  require  support. 

Early  group 

Asauji:  It  is  smooth  seeded  cultivar  suitable  for  early  sowing. 

Arkel:  It  is  a  most  popular  exotic  pea  introduced  from  England  and  occupies  a 
large  area  in  India,  it  yeilds  5  tonnes/ha  and  plants  are  susceptible  to  collar  rot. 

Jawahdr  matar  3  and  4:  These  varieties  have  bold  wrinkled  seeds  and  yield 
4—6  tonnes /ha. 

Mid-season  group 

Bonneville:  It  is  a  popular  variety  in  India  introduced  from  USA  and  yield  10 
tonnes/ha.  Plants  are  susceptable  to  powdery  mildew. 

Arka  Ajit:  It  was  developed  by  IIHR,  Bangalore  as  a  variety  resistant  to  pow¬ 
dery  meldew  and  rust  and  yield  10  tonnes/ha  in  90  days. 

Jawahar  matar  1  and 2:  These  varieties  have  bigger  pods  and  yield  10-12  tonnes/ 
ha.  The  plants  are  susceptible  to  powdery  mildew. 

UN  53  (6):  It  is  a  snap  pea  (whole  pod  edible)  line  developed  by  IIHR,  Bangalore, 
and  yields  8-9  tonnes/ha  in  a  crop  duration  of  90  days. 

Ooty  1:  It  is  a  pure  line  selection  from  the  accession  PS  33  among  the  germplasm 
maintained  at  TNAU,  horticultural  Research  Station,  Ooty  with  a  crop  duration  of 
90  days.  It  is  dwarf  type  with  an  yeild  potential  of  11.9  tonnes /ha.  It  is  resistant  to 
white  fly. 

CROP  IMPROVEMENT 

The  main  objectives  of  pea  breeding  are  yield,  quality,  adaptability,  suitable  plant 
type,  lodging  and  shattering  resistance,  desease  and  insect  resistance,  environmen¬ 
tal  stress-resistance,  quality  and  effective  nitrogen  fixation.  Pea,  being  a  self  polli¬ 
nated  crop,  the  basic  breeding  procedures  like  introduction,  selection,  hybridiza¬ 
tion,  back  cross  breeding  and  mutation  breeding  are  followed  for  its  improvement. 
Varieties  with  high  yield  potential,  resistance  to  diseases  and  pests  can  either  be 
introduced  directly  for  cultivation  or  utilized  in  hybridization  programme.  Arkel 
and  bonneville  are  the  two  popular  introductions.  Selection  of  superior  individuals 
or  its  groups  from  mixed  populations  or  segregating  population  after  hybridiza¬ 
tion  is  practiced  for  the  development  of  pea  varieties.  Arka  Ajit  was  developed  by 
IIHR  by  crossing  Bonneville  to  powdery  mildew  and  rust-resistant  lines  and  then 
again  back  crossing  to  Bonneville.  Thouth  25%  heterosis  is  reported  for  yield  in 
pea,  F  hybrid  seed  production  is  almost  restricted  because  of  the  high-cost  in¬ 
volved  in  manual  emasulation,  pollination  and  availability  of  less  number  of  seeds 
per  pod  unlike  the  fruits  of  Solanaceous  crops. 
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Soil 

Garden  peas  can  be  grown  on  a  wide  range  of  soils.  However  they  thrive  best 
on  well  drained,  loose  and  friable  loamy  soils.  Early  crop  can  be  obtained  in  light 
soils  and  higher  yields  are  expected  in  heavy  soils.  The  most  favourable  range  of 
soil  pH  is  from  5. 5-6.0.  Application  of  domestic  lime  stone  is  recommended  in 
acid  soils. 

Climate 

It  is  a  cool  weather  crop  and  grows  best  at  the  opdmum  mean  monthly  tem¬ 
perature  of  10°-18°C.  The  seed  can  germinate  even  at  a  minimum  temperature  of 
5°C  and  the  optimum  temperature  for  germinadon  is  about  22°C.  At  higer  tem¬ 
perature,  the  germination  is  rapid  but  plant  stand  is  affected  due  to  decay.  The 
plants  are  able  to  withstand  reladvely  low  temperatures  especially  during  the  early 
stage  but  may  not  withstand  a  severe  continued  frost.  Hot  dry  weather  interferes 
with  pollination  and  seed  setting,  affects  the  number  of  pods  per  plant,  pod  weight 
and  lowers  the  quality  of  pods  produced  due  to  the  conversion  of  sugars  into 
hemicellulose  and  starch. 

Season 

Date  of  sowing  is  a  very  important  factor  influencing  the  yield.  Generally,  pea  is 
sown  from  beginning  of  October  to  mid-November  in  the  plains  of  northern 
India.  The  crops  sown  earlier  or  later  suffer  from  wilt  and  mildew  attacks  respecively. 
Peas  can  be  grown  as  early  as  June-July  in  Peninsular  India.  In  the  hills,  peas  are 
sown  in  March  for  a  summer  crop  and  in  May  for  an  autumn  crop. 

Cropping  systems 

Being  a  legume,  pea  fits  well  in  many  cropping  systems.  It  is  advisable  to  in¬ 
clude  pea  in  the  crop  rotations  for  building  up  of  nitrogen  in  the  soil.  In  regions 
where  early  crops  are  taken  like  kharif  paddy,  a  cash  crop  of  early  pea  can  be  easily 
taken  before  the  winter  crop. 

Land  preparation 

Thorough  preparation  of  the  land  is  necessary  for  pea  crop  for  better  growth 
and  spread  of  root  system  which  fix  large  quantities  of  atmospheric  nitrogen.  This 
is  achieved  by  ploughing  the  field  with  soil  turning  plough  followed  by  one  or  two 
harrowings. 

Seed  rate 

The  seed  rate  for  the  early  crop  is  100-120kg/ha  and  for  the  mid-season  and 
late  varieties  it  is  80-90kg/ha  depending  upon  the  size  of  seed. 
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Seed  treatment 

The  seeds  are  soaked  in  water  overnight  before  sowing  for  better  germination. 
Soaking  of  seeds  in  GA3  (lOppm)  for  12  hrs  has  given  the  highest  germination. 

Method  of  sowing 

It  is  sown  in  flat  or  raised  beds  either  by  broadcasting  or  behind  the  plough.  It 
may  also  be  sown  by  dibbling.  Early  varieties  are  sown  at  a  closer  spacing  of  30cm 
between  rows  and  5-1 0cm  between  plants  within  a  row.  In  main  season  crop  the 
spacing  of  45x1 0cm  is  recommended.  In  raised  beds  it  can  be  sown  on  both  sides 
of  the  bed  which  are  120-150cm  wide  with  furrows  between  them.  Seeds  are  sown 
about  2.5cm  deep. 

Nutrient  requirement 

A  pea  crop  with  a  yield  of  4.5tonnes  of  green  pods  per  hectare  approximately 
romoves  55kg  of  nitrogen,  20kg  of  phosphorus  and  40kg  of  potash.  If  organic 
manure  is  not  given  to  the  previous  crop,  15—20  metric  tonnes  of  thoroughly  de¬ 
composed  farmyard  manure  or  compost  should  be  added  and  incorporated  fairly 
deep  about  one  month  earlier  to  sowing.  A  basal  dose  of  50kg  nitrogen  per  hectare 
at  the  time  of  sowing  is  sufficient  for  stimulating  early  growth.  Like  other  legumes, 
pea  gives  good  response  to  phosphorous  application.  It  favours  nitrogen  fixation 
by  increasing  nodule  formation.  Application  of  75kg  phosphorous  for  early  varie¬ 
ties  and  100kg  phosphorus  per  hectare  for  mid-  and  late-varieties  along  with  40kg 
potassium  per  hectare  at  the  time  of  planting  is  essential.  The  method  of  applica¬ 
tion  of  fertilizer  is  of  great  importance  in  peas  as  in  other  legumes  because  severe 
injury  results  when  the  applied  fertilizer  comes  in  contact  with  the  seed.  The  ferti¬ 
lizers  should  be  placed  in  bands  about  7— 8cm  to  the  side  and  2.5cm  deeper  than 
the  place  of  seed.  When  the  machinery  is  not  available  for  side  placement,  it  is 
suggested  that  the  fertilizer  be  drilled  as  a  separate  operation  before  planting.  Foliar 
application  of  0.1%  ammonium  molybdate  at  the  time  of  flowering  showed  favorable 
effect  on  yield  and  quality  of  peas. 

Water  management 

Water  requirement  of  peas  depends  largely  on  the  agro-climatic  conditions  of 
the  locality.  If  the  soil-moisture  is  not  sufficient  at  the  time  of  sowing,  a  pre¬ 
sowing  irrigation  should  be  given.  Unlike  the  other  crops,  irrigation  is  not 
done  immediately  after  sowing  as  it  results  in  poor  germination  due  to  the  forma¬ 
tion  of  hard  crust  which  interferes  in  the  emergence  of  seedlings.  Besides,  if  there 
is  rain  after  the  irrigation  especially  in  cooler  region,  the  soil  takes  longer  time  to 
dry  resulting  in  rotting  of  seeds.  Light  irrigation  may  be  applied  at  intervals  of 
10-15  days.  Flowering,  fruit  set  and  grain  filling  periods  are  the  critical  stages 
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hence  care  should  be  taken  to  provide  irrigadon  during  this  period.  Irrigation  after 
70%  water  depletion  throughout  the  growth  is  beneficial  for  the  crop. 

Interculture  and  weed  control 

Hoeing  or  hand  weeding  once  during  early  stage  of  crop  growth  will  suffice  to 
check  weed  growth  and  provide  aeration  required  for  good  root  growth.  Use  of 
herbicides  has  been  proved  very  effective.  A  pre-sowing  application  of  3  litres  per 
hectare  of  Basalin  controls  most  of  the  weeds.  Atra2ine,  Propazine  or  Simazine  at 
the  rate  of  1.5kg  per  hectare  and  Prometryn  at  the  rate  of  1kg  per  hectare  have  also 
proved  effective  in  the  control  of  weeds  in  pea  crop. 

Training  and  staking 

This  is  an  important  operation  especially  in  tall  pea  varieties.  If  the  plants  are 
not  trained  and  staked  properly,  the  plants  get  damaged  during  harvest  time  result¬ 
ing  in  considerable  reduction  in  yield.  Pea  plants  bear  tendrils  and  the  natural  habit 
of  plants  is  to  climb.  Therefore,  when  the  vines  reach  the  spreading  stage,  they 
should  be  supported  on  bamboo  sticks  or  any  twiggy  sticks  or  wire  netting.  It  may 
also  be  done  by  erecting  a  support  trellis  of  wire  stretched  between  poles.  This 
may  be  done  in  single  or  paired  rows.  Training  or  staking  should  be  done  along  the 
direction  of  the  wind. 

Growth  regulators 

Spraying  15ml  of  10  M  solution  of  the  growth  regulator  CCC  at  the  five  node 
stage  of  development  has  favorable  effect  on  the  growth  and  yield  of  crop. 

Harvesting 

Garden  peas  must  be  harvested  at  the  proper  stage  of  pod  maturity  because 
they  start  losing  their  quality  rapidly  after  reaching  the  edible  stage.  The  green 
pods  of  the  early  varieties  are  ready  for  harvest  in  50  days  while  mid-  and  late- 
vaneties,  which  are  generally  indeterminate,  take  60-65  days  and  70-75  days  re¬ 
spectively.  As  the  pod  attains  marketing  stage  it  turns  dark-  to  light-green  and  the 
grains  are  well  filled  in  the  pod.  In  the  processing  industry,  the  maturity  of  pea  is 
tested  with  the  help  of  tenderometer.  If  the  harvesting  is  delayed,  the  pod  surface 
becomes  coarse  which  brings  down  the  market  value  of  the  produce  and  due  to 
the  conversion  of  sugar  into  starch,  the  quality  deteriorates  especially  when  the 
temperature  is  very  high.  The  quality  also  reduces  fast  if  the  harvested  pods  are  left 
in  the  field.  As  such  the  produce  needs  to  be  removed  and  kept  in  a  cool  place. 
Usually,  four  pickings  are  done  during  the  season  which  is  spread  over  4-5  weeks 
at  10  days  interval.  In  early  varieties  the  yield  is  2. 5-4.0  tonnes/ha  of  green  pods 
while  in  mid-season  varieties  yield  is  6-7.5  tonnes/ha.  Late  varieties  yield  80-10 
tonnes/ha.  The  shelling  per  cent  ranges  from  35-50. 
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Storage 

Peas  are  perishable  and  get  heated  easily  in  storage,  a  shallow  container  is  desir¬ 
able.  Unshelled  peas  keep  better  than  shelled  peas.  Fresh  unshelled  peas  can  be  kept 
for  two  weeks  at  0°C  and  90—95%  relative  humidity.  The  pods  will  freeze  at  —10  C. 

Grading,  packing  and  marketing 

When  peas  are  prepared  for  market,  the  over  matured  yellow  pods,  flat  pods, 
diseased  and  insect  damaged  pods  and  trash  should  be  removed  before  the  peas 
are  packed.  In  many  cases,  careful  hand  picking  would  eliminate  the  trash  and 
defective  pods.  Peas  are  packed  for  marketing  in  baskets,  gunny  bags  and  boxes  of 
various  types.  It  is  important  to  have  the  container  well  filled  so  that  it  will  not  be 
damaged  when  it  reaches  market. 

PLANT  PROTECTION 

Insect  pests 

The  insect  pests  that  are  serious  in  pea  are  stem  fly  ( Ophiotnyd  sp),  pea  aphid 
(Acyrtbosiphon  pisum),  pea  leaf  minor  ( Agromyza  jlaveola )  and  pod  borer  ( Heliothes 
sp.).  Aphids  and  leaf  minors  are  controlled  by  spraying  0.1%  Monocrotophos  at 
fortnightly  intervals.  Pod  borers  can  be  effectively  controlled  by  spraying  0.2  /o 
Thiodon  at  flowering.  The  common  diseases  infecting  the  pea  crop  are  powdery 
mildew  (Erysipbe  polygoni),  and  root  rot  ( Uromyces  sp.),  wilt  ( Fusanum  sp.),  near 
wilt  (Fusarium  oxysporum  t.pisi  race  2)  and  root  rot  ( Rbizoctonia  sp.),  Powdery 
mildew  can  be  controlled  by  spraying  0.1%  dinocap  (Karathane)  or  Calixin,  rust 
can  be  controlled  by  spraying  Mancozeb  at  0.2%  and  wilt  and  root  rot  can  be 
controlled  by  drenching  the  plants  at  one  week  after  germination  with  0.2%  Captaf 
or  Bavistin. 


French  bean 
(Pbaseolus  vulgaris  L.) 

B  S  Prabharara,  L  B  Naik,  N  Mohan  and  B  Varalakshmi 

The  French  bean  ( Pbaseolus  vulguns  L.),  also  known  as  kindey  bean,  haricot  bean, 
snap  bean,  navy  bean,  is  one  of  the  most  important  leguminous  vegetable.  It  is 
grown  for  the  tender  green  beans  and  dry  beans  ( Rujmahy  The  pods  are  slender, 
10-25cm  long,  straight  or  slightly  curved  with  prominent  beak.  Seeds  are  kidney¬ 
shaped,  elongated  but  somewhat  compressed  and  white,  red,  purple  or  blackish  in 
color  or  mottled.  This  vegetable  is  in  great  demand  in  citie's  and  is  grown  both 
commercially  and  in  home  gardens.  There  are  three  types  of  french  bean:  Bush 
type  with  short  internodes,  semi-pole-type  with  longer  internodes  than  those  in 
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bush  type  and  the  pole-type  having  longer  internodes  than  that  of  the  semi-pole 
type. 

Uses 

It  is  a  nutritious  vegetable,  edible  portion  is  94%  of  the  pods  which  contains 
1.7%  protien,  0.1%  carbohydrate,  4.5%  fat,  1.8%  fibre  and  0.5%  mineral  matter. 
The  dried  beans  are  rich  in  protein  and  closely  compare  with  meat.  In  India,  it  is 
mostly  grown  for  tender  vegetable,  while  in  the  USA  it  is  grown  for  processing  in 
large  quantities. 

Origin  and  distribution 

Southern  Mexico  and  central  America  are  the  primary  centres  of  origin  of  french 
bean  while  Peruvian-Equadorian-Bolivian  areas  are  considered  to  be  secondary 
centres.  Phaseolus  aboriginens  is  the  progenitor  of  Phaseolus  vulgaris. 

Toxonomy 

French  bean  (Phaseolus  vulgaris)  is  a  diploid  with  2n=2x=22.  There  are  four 
cultivated  species  of  phaseolus,  viz.  P.  vulgaris,  P.  Coccineus,  P.  lunatus  and  P. 
acutifolius  var  latifolius.  All  the  species  are  self  pollinated,  except  P.  coccineus  which 
is  generally  cross  pollinated. 

Cultivars 

French  bean  cultivars  are  classified  into  string  and  stringless  based  on  the  ex¬ 
tent  of  fibre  in  the  pod  and  into  bush  and  pole-types  according  to  the  growth 
habit.  Some  commercially  grown  cultivars  are  given  below. 

Kentucky  wonder:  It  is  a  pole  type  introduced  from  USA  with  long,  flat,  string 
less  pods,  yields  10-12.5  tonnes/ha. 

Contender:  Pods  are  round,  green  stringless,  slightly  curved,  introduced  from 
USA,  yields  8-9.5  tonnes/ha,  tolerant  to  powdery  mildew  and  mosaic. 

Pusa  Parvati:  Early  bearing,  string  less,  yield  8-8.5  tonnes/ha,  resistant  to  mo¬ 
saic  and  powdery  mildew. 

Arka  Kornal:  Straight,  flat,  tender  pods  yield  9  tonnes/ha.  Pant  Anupama,  Arka 
Suvidha  (IHR  909),  IHR  220,  Top  Crop  and  Tweed  Wonder  are  some  of  the  im¬ 
proved  varieties  cultivated  in  different  states. 

TKD  1:  It  is  a  hybrid  derivative  of  a  cross  between  two  pole  types,  viz  Sel  1  and 
PV  118.  The  green  tender  pod  yield  ranges  from  5-6  tonnes/ha  and  matures  in 
90-100  days. 

KKL  1:  it  is  a  pole  type  best  suited  for  elevation  of  1,800-2, 400m.  It  has  a 
potencial  yield  of  7  tonnes  of  pods  or  3  tonnes  of  grains  per  hectare. 

YED  1:  It  can  give  a  green  pod  yield  of  9.75  tonnes/ha.  Seeds  are  bold,  attrac¬ 
tive  and  dark-purple  in  colour. 
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Ooty  1:  It  has  yield  potential  of  34  tonnes/ha  of  green  pods  in  a  duration  of  80 
days.  The  variety  is  moderatly  resistant  to  leaf  spot,  anthracnose  and  pod  borer. 

CROP  PRODUCTION 

The  main  objectives  of  french  bean  breeding  are  high  yield,  varieties  suitable  for 
processing  industries,  resistant  to  pests  and  diseases;  and  exploitation  of  hybrid 
vigour  by  induction  of  male  sterility.  Most  of  the  popular  varieties  like  Kentucky 
Wonder,  Contender,  Giant  Stringless  are  the  introductions  from  different  countries. 
Through  pureline  selection  Arka  Komal,  Pant  Anupama  and  IIHR  220  (resistant 
to  rust)  have  been  developed.  Single  cross,  double  cross  or  back  cross  methods  are 
followed  for  incorporating  desirable  characters  including  disease  resistance. 
IIHR  909  was  developed  by  hybridization  between  Contender  and  Blue  Crop  fol¬ 
lowed  by  selection.  Through  mutation  breeding,  Pusa  Parvati  has  been  developed 
and  released  from  IARI,  Katrain  station. 

Climate 

Most  of  the  french  bean  varieties  are  day  neutrals  except  some  semi-pole  varie¬ 
ties  which  are  short-day  types.  It  is  a  cool  weather  crop  but  thrives  well  in  the 
optimum  temperature  ranging  between  15°  and  25°C.  The  crop  is  sensitive  to 
frost,  high  temperatures  and  high  rainfall.  The  plants  shed  their  blossom  or  young 
pods  in  very  hot  or  rainy  weather.  The  pole-types  are  generally  grown  in  heavy 
rainfall  areas  of  Chhotanagpur  and  Uttar  Pradesh. 

Soil 

French  bean  can  be  grown  in  all  types  of  soils  ranging  from  light  sandy  loam  to 
clay  soils  but  it  cannot  withstand  water-logging.  The  highest  yield  is  obtained  in 
soils  with  a  pH  between  5.3  and  6.0.  Extremely  acidic  and  alkaline  Soils  are  not 

suitable. 

Season 

There  are  two  main  growing  seasons  for  french  bean  in  the  plains  of  India.  The 
first  sowing  is  done  in  July-September  and  may  even  extend  up  to  October.  The 
second  sowing  is  in  early  spring  that  is  between  January-February.  In  hilly  regions, 
the  sowing  is  done  from  March  to  the  beginning  of  May. 


Cropping  system 

Being  a  leguminous  crop,  french  bean  fits  well  in  any  rotation.  Red  Kidney 
varieties  (colored  seeds)  are  preferred  to  white  seeds  in  heavy  rainfall  areas.  Such 
varieties  also  fit  in  well  in  crop  rotations  with  wheat.  It  can  also  be  grown  as  an 
intercrop  in  widely  spaced  cucurbits  till  the  main  crop  begins  to  throw  vines. 
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Land  preparation 

The  soil  should  be  ploughed  once  to  a  depth  of  25cm.  The  clods  are  broken 
and  the  weeds  are  removed.  The  soil  is  brought  to  a  fine  tilth  by  shallow  cultivation. 

Seed  rate 

The  seed  rate  for  french  bean  varies  considerably  depending  on  the  variety 
grown,  soil  and  climatic  conditions.  The  seed  rate  for  bush  varieties  is  65kg/ha 
while  it  is  25-30kg/ha  for  pole  varieties. 

Seed  inoculation 

In  the  lands  where  beans  are  grown  for  the  first  time,  inoculation  of  seed  with 
Rhizobium  sp  facilitates  quick  nodulation  on  the  roots,  and  help  in  the  fixation  of 
atmosheric  nitrogen. 

Method  of  sowing 

After  the  final  preparation  of  the  land,  the  field  should  be  divided  into  plots  of 
convenient  size  and  ridges  and  furrows  are  opened.  The  ridges  are  formed  by 
keeping  the  soil  over  the  basal  dose  of  fertilizers  applied  in  the  form  of  bands.  The 
seeds  of  bush  beans  are  sown  in  rows  45— 60cm  apart  and  10— 15cm  away  from 
seed  to  seed  whereas  pole  benas  are  often  sown  in  hills  about  one  meter  apart. 
About  half  a  dozen  seeds  are  sown  in  each  hill  and  are  later  thinned  to  3-4  plants. 
Prior  to  sowing  the  plots  are  irrigated  and  after  two  to  three  days  when  soil  is  in 
moist  condition  seeds  are  sown  along  the  sides  of  the  ridges  in  shallow  furrows 
and  thinly  covered  with  soil.  Light  irrigation  is  given  after  2nd  to  3rd  day  after 
sowing. 

Nutrient  requirement 

Although  french  bean  is  a  legume,  it  responds  well  to  the  application  of  nitrogen. 

It  is  estimated  that  a  crop  with  a  yield  of  800kg  of  grain  and  700kg  of  haulm 
removes  73.5kg  nitrogen,  31kg  of  phosphate  and  61.2kg  of  potash  from  the  soil. 
About  25-30  tonnes  of  well  rotten  farmyard  manure  may  be  mixed  well  in  the  soil 
at  the  time  of  final  preparation  of  the  land.  Application  of  50kg  N,  75kg  P,05  and 
75kg  K,0/ha  is  recommended.  Half  of  the  N  along  with  entire  dose  of  P  and  K 
fertilizer  should  be  applied  at  the  time  of  sowing.  Remaining  half  of  N  should  be 
applied  at  the  time  of  earthing  up  after  3rd  week  of  sowing.  Spraying  micronutrients 
improves  the  quality  besides  increasing  yield. 

Water  management 

French  bean  is  a  shallow  rooted  crop.  Water-stress  has  marked  influence  on 
yield  and  quality  of  pods.  About  6-7  irrigations  during  the  growing  season  would 
be  requied  at  regular  intervals.  Flowering  and  pod  development  periods  are  the 
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critical  stages.  Depending  on  the  atmospheric  conditions,  the  seasonal  water  re¬ 
quirement  may  range  from  300-350mm/ha  of  water.  For  higher  yields,  the  crop 
should  be  irrigated  as  soon  as  the  soil-moisture  tension  reaches  0.5cm  in  the  top 

10cm  of  the  soil. 

Weed  control 

Shallow  cultivation  during  the  early  stages  of  crop  is  necessary  to  check  t  e 
weeds  and  to  facilitate  earthing  up.  A  pre-sowing  application  of  Fluchloralin  at  the 
rate  of  2  litre/ha  checks  the  weed  growth  for  20-25  days.  At  least  two  hand  weedings 
are  required  before  earthing  up.  At  the  later  stages  of  crop  growth,  the  weeds  are 
kept  under  check  due  to  the  thick  canopy  of  the  crop. 

Staking 

Staking  is  an  important  operation  for  pole  beans.  The  bamboo  sticks  or  ot  er 
wooden  sticks  or  branches  which  are  locally  available  can  be  used  for  the  support. 
If  the  plants  are  grown  in  rows,  single  stick  of  about  2m  length  should  be  fixed 
near  each  plant.  Cross  canes  may  be  fixed  on  the  vertical  poles  at  a  spacing  of 
about  40cm.  If  the  plants  are  grown  in  hills,  the  twigs  and  branches  will  give  good 

support. 

Use  of  growth  substances 

Application  of  growth  substances  improves  the  plant  growth,  flowering,  fruit 
set  and  pod  yield  in  french  bean.  Plant  regulators  like  PCPA  at  2  ppm,  L-naphthly 
acetamide  or  B-naphthal  acetic  acid  at  5-25ppm  have  shown  favourable  effect  on 
fruit  set  when  sprayed  at  prevailing  temperature  when  pod  set  is  impaired.  GA3 
sprayed  at  50-200ppm  proved  effective  in  improving  the  crop  growth. 

Harvesting 

The  crop  is  ready  for  first  harvest  in  about  45  days  after  sowing.  It  takes  about 
7-12  days  after  flowering  for  the  pods  to  be  ready  for  picking.  About  three  pick¬ 
ings  in  bush  beans  and  five  pickings  in  case  of  pole  beans  are  taken.  1  he  green 
pods  are  to  be  picked  when  they  are  immature  and  fully  grown  but  still  tender.  As 
the  harvest  is  delayed,  the  total  yield  increases  but  the  quality  falls  rapidly  due  to 
over  maturity  of  pods,  fibre  development  and  rough  surface.  Somtimes,  fresh  seeds 
from  over  mature  pods  can  be  shelled  and  used.  The  yield  of  tender  pods  vary 
from  8-10  tonnes /ha  in  bush  varieties  and  12-15  tonnes  in  pole  types. 

Maturity  standards 

The  various  maturity  parameters  like  seed  size,  per  cent  seed,  dry-matter  con¬ 
tent,  AIS  (Alcohol  insoluble  solids)  and  distribution  of  pods  according  to  sieve 
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size  are  found  to  be  reliable  maturity  standards.  The  prevalent  practice  in  the  can¬ 
ning  and  freezing  industry  is  to  judge  quality  by  size  distribution. 

PLANT  PROTECTION 

Insect  pests 

Stem  flies,  thnps  and  mites  are  some  of  the  insect  pests  attacking  bean  crop. 
Spraying  2ml /litre  of  Dimethoate  (Rogor)  or  Monocrotophos  for  the  control  of 
thnps  and  stem  fly.  Mites  can  be  controlled  by  spraying  Dicofol  (Kelthane)  2.5ml/ 
litre. 

Diseases 

Yellow  mosaic,  anthracnose,  phytophthora  pod  rot,  rust,  angular  leaf  spot,  ashy 
stem  blight  and  rhizoctonia  root  rot  are  some  of  the  diseases  affecting  bean  crop. 
The  diseases  can  be  effectively  controlled  by  spraying  Blitox  or  Difoliton  at  the 
rate  of  2g/litre.  Root  rot  can  be  controlled  by  drenching  Captan  2g/litre.  Foliar 
fungal  diseeases  can  be  controlled  by  spraying  Dithane  M  45  and  for  yellow  mosaic, 
vector  white  fly  can  be  controlled  by  spraying  Monocrotophos  1.25ml/litre.  Rust 
can  be  controlled  by  spraying  Sulfex  2g/litre. 


Cowpea 

[Vigna  unguiculata  (L.)  Walp,] 

B  S  Prabhakara,  L  B  Naik,  Mohan  and  B  Varalakshmi 

Vegetable  cowpea  is  a  popular  vegetable  grown  throughout  the  world.  In  India  it 
is  grown  widely  round  the  year. 

Uses 

Cowpea  is  grown  both  for  its  tender  pods  and  also  for  its  dry  seeds  used  as 
pulse  for  culinary  purposes.  The  pods  are  rich  in  protein,  vitamin  B  and  minerals. 
It  is  also  used  as  a  fodder  and  green  manure  crop. 

Origin 

Africa  is  considered  to  be  the  centre  of  origin  for  cowpea  as  non-specific  wild 
forms  are  found  in  Africa.  The  most  probable  progenitor  of  cowpea  is  var.  mensensii. 

Taxonomy 

Cowpea  belongs  to  the  family  Leguminosae,  sub-family  Fabaceae  and  genus 
vigna.  There  are  five  distinct  sub  species  of  cowpea,  out  of  which  two  are  wild,  viz. 
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Arka  Garima  cowpea  variety 


Arka  Samrudhi  cowpea  variety 
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Arka  Suvidha  french  bean  variety 

dekinotiana  and  mensensis  and  three  are  cultivated  in  India.  They  are  V  ungmlulata 
subsp.  ungmculata,  subsp.  cylindrical  and  sub  sp.  sesquipedalis. 

Botany 

Cowpea  is  a  vigorously  growing  annual  with  strong  tap  root  system,  stems 
prostrate,  flowers  white,  auxiliary,  2-3  flowers  on  each  peduncle,  pods  20-30cm 
long,  cylindrical  and  slightly  curved. 

Varieties 

Pusa  Phalguni  (IARI):  dwarf,  bushy,  matures  in  60  days,  suitable  for  Febuary- 
March  sowing,  yields  5-10  tonnes/ha. 
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Arka  Jay  dolichos  bean  variety 


Pusa  Barsati  (JARI):  Suitable  for  rainy  season,  yields  about  9-9.5  tonnes/ha. 

Pusa  Dofasli  (IARI):  Photo-insensitive,  suitable  for  both  summer  and  rainy 
seasons,  yield  about  7.5-8  tonnes/ha. 

Arka  Garima  (IIHR):  Bushy  and  photo-insensitive,  pods  light-green,  long, 
stringless,  fleshy  pods,  yield  18  tonnes/ha  in  90  days. 

Sel.  263  (PAU,  Ludhiana):  Bush,  photo-insensitive,  yield  19  tonnes/ha 
Arka  Suman  (IIHR  Sel  11)  and  Arka  Samrudhi  (IIHR  Sel  16):  Bushy,  photo¬ 
insensitive,  pods  medium  long,  medium  thick,  yield  15  tonnes/ha.  Pusa  Komal, 
and  Pusa  Riturj  from  IARI,  New  Delhi  and  VS  389  from  Kerala  are  some  of  the 
other  superior  cowpea  varieties  available. 
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CROP  IMPROVEMENT 

Main  objectives  of  breeding  cowpea  are  high  yield,  photo-insensitiveness,  deter¬ 
minate  growth  habit,  pod  quality  and  resistance  to  pests  and  diseases.  Breeding 
methods  like  selection,  hybridization,  mutation  and  back  cross  method  of  breed¬ 
ing  have  been  employed  in  cowpea  to  develop  superior  varieties.  Pus  a  Phalguni 
and  Pusa  Barsati  released  from  IARI  are  the  selections  made  from  exotic  varieties. 
Arka  Garima,  Arka  Suman,  Arka  Samrudhi  were  developed  through  hybridization 
and  selection. 

Climate  and  soil 

Cowpea  is  a  drought  hardy  crop  and  comes  up  well  under  rainfed  conditions 
tolerating  moderate  dry  spells.  It  is  also  grown  on  receeding  moisture  after  a  kharif 
crop.  Cowpea  can  be  grown  on  a  wide  range  of  soils  with  adequate  drainage. 

Season 

Generally  two  crops  are  grown  starting  from  January-February  and  May-June. 
But  in  places  having  mild  climate,  where  summer  and  winter  are  moderate,  it  can 
be  grown  round  the  year. 

Cropping  system 

Cowpea  being  a  leguminous  crop  fits  well  in  sequential  and  intercropping  sys¬ 
tems.  It  is  grown  as  a  catch  crop  after  the  first  crop  of  paddy  or  after  the  late  winter 
crop.  It  fits  well  as  an  intercrop  with  widely  spaced  vegetable  and  other  row  crops 
Eke  maize  and  it  is  grown  as  a  cover  crop  in  basins  in  fruit  orchards. 

Land  preparation 

The  soil  should  be  ploughed  once  to  a  depth  of  25cm.  The  clods  are  broken 
and  the  weeds  are  removed.  The  soil  is  brought  to  a  fine  tilth  after  a  shallow 
cultivation. 

Seed  rate 

The  seed  rate  for  cowpea  is  25kg/hectare. 

Seed  inoculation 

In  the  lands  where  beans  are  grown  for  the  first  time  inoculation  of  seed  with 
Rhizobium  sp  faciHtates  quick  nodulation  on  the  roots  and  helps  in  the  fixation  of 
atmospheric  nitrogen. 

Method  of  sowing 

After  the  final  preparation  of  the  land,  the  field  should  be  divided  into  plots  of 
convenient  size.  The  seeds  of  cowpea  are  dibbled  in-rows  15cm  apart. 
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Nutrient  requirement 

Although  cowpea  is  a  legume  crop,  it  responds  well  to  the  application  of  ferti¬ 
lizers.  About  25  tonnes  of  well  composted  organic  manure  is  applied  to  the  soil  at 
the  time  of  final  preparation  of  the  land.  Application  of  25kg  N,  75kg  P,05  and 
60kg  K20/ha  is  recommended.  Half  of  the  N  along  with  entire  dose  of  P  and  K 
fertilizer  should  be  applied  at  the  time  of  sowing.  Remaining  half  of  N  should  be 
applied  at  the  time  of  earthing  up  after  3rd  week  of  sowing.  Spraying  micronutrients 
shall  improve  the  quality  besides  increasing  yield. 

Water  management 

Cowpea  is  a  hardy  crop  comes  up  well  under  rainfed  conditions.  Flowering  and 
pod  development  periods  are  the  critical  stages.  Depending  on  the  atmospheric 
conditions  two  or  three  protective  irrigations  may  have  to  be  given.  For  higher 
yields  the  crop  should  be  irrigated  regularly  at  5-7  days  interval. 

Weed  control 

Shallow  cultivation  during  the  early  stages  of  crop  is  necessary  to  check  the 
weeds  and  to  facilitate  earthing  up.  A  pre-sowing  application  of  Fluchloralin  at  the 
rate  of  2  litre/ha  checks  the  weed  growth  for  20-25  days.  days.  Two  hand  weedings 
are  required  before  earthing  up.  At  the  later  stages  of  crop  growth,  the  weeds  are 
kept  under  check  due  to  the  thick  canopy  of  the  crop. 

Harvesting 

Tender  pods  are  harvested  for  marketing.  Harvesting  should  be  done  before 
the  pods  over  mature  and  become  fibrous.  Harvesting  starts  45  days  after  sowing. 

Plant  protection 

Insects'.  Pod  borer,  aphids,  agromyzid  fly  and  plant  hoppers. 

Discuses :  Powdery  mildew,  phytophthora  and  rust,  septoria  leaf  spot,  anthracnose 
and  cowpea  mosaic  virus. 

Schedule 

1.  Spray  the  crop  with  Phosphomidon  (0.5ml/litre)  or  Monocrotophos  1.25ml/ 
litre)  on  appearance  of  aphids. 

2.  Spray  Endosulfan  or  Carbaryl  (2g/litre)  at  flowering  to  control  pod  borer. 

3.  Spray  the  crop  with  wettable  sulphur  (3g/ litre)  or  Dinacap  (lml/litre)  when 
powdery  mildew  and  rust  is  noticed. 

4.  Spray  Dithane  M  45  (2g/litre)  to  control  fungal  diseases  like  anthracnose 
and  septoria  leaf  spot. 
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Cluster  bean 

(Cyamopsis  tetragonoloba  L.) 

B  S  Prabhakara,  L  B  Naik,  N  Mohan  and  B  Varalakshmi 

Cluster  bean  is  grown  for  green  pods  used  as  vegetable  and  dry  seeds.  It  is  also 
grown  as  a  forage  and  green  manure  crop.  Some  of  the  varieties  are  used  for 
extraction  of  gum  ( Guar  gum). 

Origin 

India  is  considered  to  be  the  centre  of  origin  for  cluster  bean,  though  there  are 
no  wild  forms  available  in  India.  It  has  been  grown  in  Burma,  Sri  Lanka,  Pakistan 
and  states  of  Texas  and  Arizona. 

Taxonomy 

Cluster  bean  or  guar  [Cyamopsis  tetragonoloba  (L.)  Taub.]  belongs  to  the  family 
Legummosae.  The  diploid  chromosome  number  is  2n=2x=14.  C.  senegalensis  might 
be  the  immediate  ancestor  of  guar. 

Botany 

Cluster  bean  is  an  erect  annual,  stems  angled,  leaves  trifoliate,  white  or  pink 
flowers  borne  in  auxiliary  raceme,  pods  compressed,  linear,  erect  and  clustered, 
double  ridged  on  dorsal  side. 

Varieties 

Pusa  Mausami :  First  picking  in  80  days,  suitable  for  rainy  season. 

Pusa  Sadababar:  Non-branching,  suitable  for  summer  and  rainy  seasons. 

Pusa  Navbahar  and  Sharad  Bahar  are  the  two  other  varieties  available  in  cluster 
bean  for  cultivation. 


CROP  IMPROVEMENT 

Main  objectives  of  breeding  are  high  yield,  good  quality,  smooth  long  and  succu¬ 
lent  pods  and  disease  resistance.  Very  little  work  has  been  done  on  the  improve¬ 
ment  of  cluster  bean.  The  varieties  released  so  far  are  the  selections  from  local 
collections. 

Soil  and  climate 

All  types  of  soils  are  suitable  for  growing  cluster  bean  however,  well  drained 
sandy  loams  are  byst  suited.  It  is  a  warm  season  crop,  grows  well  in  summer  and 
rainy  seasons.  It  is  a  hardy  and  drought-tolerant  crop. 
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Season 

It  is  sown  as  an  early  crop  in  February-March  and  the  main  crop  is  sown  in 
June-July  and  even  up  to  September-October  in  some  areas. 

Cropping  system 

It  is  grown  as  a  sole  crop,  mixed  crop  and  a  border  crop  around  a  main  crop. 
However  it  cannot  tolerate  shade. 

Land  preparation 

The  soil  should  be  ploughed  once  to  a  depth  of  25cm.  The  clods  are  broken 
and  the  weeds  are  removed.  The  soil  is  brought  to  a  fine  tilth  after  a  shallow 
cultivation.  After  the  final  preparation  of  the  land  the  field  should  be  divided  into 
plots  of  convenient  size. 

Seed  rate 

The  seed  rate  for  cluster  bean  is  25-30kg/ha. 

Seed  inoculation 

In  the  lands  where  beans  are  £rown  for  the  first  time  inoculation  of  seed  with 
rhizobium  sp  helps  in  quick  nodulation  on  the  roots,  which  fix  atmospheric  nitro¬ 
gen. 

Method  of  sowing 

The  seeds  of  cluster  bean  are  dibbled  in  rows  45cm  apart.  It  is  also  broadcasted 
or  drilled  behind  the  plough. 

Nutrient  repuirement 

Although  cluster  bean  is  a  legume,  it  responds  well  to  the  application  of  fertiliz¬ 
ers.  About  25  tonnes  of  well  composted  organic  manure  is  applied  to  the  gcd  at  the 
time  of  final  preparation  of  the  land.  Application  of  50kg  N,  60kg  P205  and  60kg/ha 
K?0  is  recommended.  Half  of  the  N  along  with  entire  dose  of  P  and  K  fertilizer 
should  be  applied  at  the  time  of  sowing  in  bands  about  7-8cm  to  the  side  of  seed 
and  slightly  deeper  than  the  seed. 

Water  management 

Cluster  bean  is  a  hardy  crop  that  comes  up  well  under  rainfed  conditions.  Flow¬ 
ering  and  pod  development  periods  are  the  critical  stages.  Depending  on  the  at¬ 
mospheric  conditions  two  or  three  protective  irrigations  may  have  to  be  given.  For 
higher  yield  the  crop  should  be  irrigated  regularly  at  7-10  days  interval. 

Harvesting 

Green  pods  will  be  ready  for  harvest  45  days  after  sowing.  Dry  seeds  are  har- 
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vested  when  a  large  percentage  of  pods  are  full  and  most  of  the  remaining  will  turn 
yellow.  It  is  to  be  harvested  before  the  lower  pods  dry  enough  to  start  shattering. 

Yield 

About  3-4  tonnes  of  green  pods  are  expected  from  a  hectare. 

Plant  protection 

Insects:  Pod  borer,  aphids  and  plant  hoppers. 

Diseases :  Powdery  mildew,  Phytophthora  pod  rot  and  rust. 

Schedule 

1.  Spray  the  crop  with  Phosphomidon  (0.5ml/litre)  or  Monocrotophos 
1.25ml/htre)  on  appearance  of  aphids. 

2.  Spray  Endosulfan  or  Malathion  (2ml/litre)  or  Carbaryl  (2g/litre)  six  weeks 
after  sowing. 

3.  Spray  the  crop  with  wettable  sulphur  (3g/litre)  or  Dinacap  (lml/litre)  when 
powdery  mildew  is  noticed. 

Weed  control 

Shallow  cultivation  during  the  early  stages  of  crop  is  necessary  to  check  the 
weeds  and  to  facilitate  earthing  up.  A  pre-sowing  application  of  sluchloralin  at  the 
rate  of  2  litre/ha  checks  the  weed  growth  for  20-25  days.  At  the  later  stages  of 
crop  growth,  the  weeds  are  kept  under  check  due  to  the  thick  canopy  of  the  crop. 


Indian  bean 
(Dolicbos  purpureus  L.) 

B  S  Prabhakara,  L  B  Naik,  N  Mohan  and  B  Varalakshmi 

Dolichos  bean  is  grown  for  whole  pod.  Fresh  seeds  and  dry  seeds  used  as  a  pulse 
grain.  It  is  used  for  pod,  feed  and  green  manure. 

Origin 

Dolichos  bean  originated  from  India  as  wild  forms  of  this  bean  are  found  in 
this  country.  From  India,  It  was  introduced  to  China,  western  Asia  and  Egypt. 

Botany 

It  belongs  to  the  family  leguminosae.  Dolichos  purpureus  (2n=2x=22,  24)  is  a 
herbaceous  perennial,  but  usually  grown  from  seed  as  an  annual.  Two  types  of 
dolichos  bean  are  recognized,  purpureus  var.  typicus  is  a  garden-type  with  soft  edible 
pods  as  the  pod  walls  have  less  fibre  and  var.  lignosus  is  field  bean  grown  for  fresh/ 
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dry  seeds  as  pulse.  The  pod  walls  have  high  fibre  content  and  they  also  have  char¬ 
acteristic  aroma. 

Varieties 

Pusa  Early  Prolific  (IARI):  It  is  a  pole-type  bean,  suitable  for  autumn  and 
spring  season. 

Arka  Jay  and  Arka  vijay  (IIHR):  These  are  bush  type  beans,  photo-ins  ensi- 
tive,  tolerant  to  heat  and  drought  with  excellent  cooking  qualities,  yield  8-8.6 
tonnes/ha  in  75  days.  Arka  Jay  is  good  for  vegetable  purpose  and  Arka  Vijay  for 
dual  purpose  with  light  aroma  in  pods.  Hebbal  Avare  is  a  bush  type,  pods  are  not 
edible  but  it  can  be  used  in  hybridization  programme  for  incorporation  of  dwarf 
plant  characteristics. 

Konkon  Bhushan  (DPL  D  1):  Bushy,  photo-insensitive,  pods  green,  dual  type, 
yield  8  tonnes/ha. 

CROP  IMPROVEMENT 

By  selection  of  superior  plants  from  local  strains,  some  varieties  were  released  in 
pole-type.  Many  high  yelding  ‘CO’  varieties  were  released  by  TNAU,  Coimbatore. 
In  bush-type,  through  hybridization,  back  crossing  and  selection  Arka  Jay  and 
Arka  Vijay  have  been  developed  by  IIHR  Bangalore.  Breeding  of  dwarf  and  bushy 
plant  types  with  quality  pod  characters,  earliness  and  resistance  to  bean  mosaic 
virus  are  the  important  objectives. 

Soil  and  climate 

It  is  a  cool  season  and  drought  tolerant  crop.  The  plants  start  fruiting  from  the 
beginning  of  the  cool  season,  two  and  half  to  three  months  after  sowing  and 
continue  to  give  pods  throughout  the  winter  and  early  spring.  However  now  photo¬ 
insensitive  varieties  like  Arka  Jay  and  Arka  Vijay  are  available  which  can  be  grown 
throughout  the  year.  Dolichos  bean  grows  well  on  a  wide  range  of  soils.  Sandy 
loam,  silty  loam  and  clay  loam  soils  are  best  suited. 

Land  preparation 

The  soil  should  be  ploughed  once  to  a  depth  of  25cm,  the  clods  are  broken  and 
the  weeds  are  removed.  The  soil  is  brought  to  a  fine  tilth  after  a  shallow  cultiva¬ 
tion.  After  the  final  preparation  of  the  land  the  field  should  be  divided  into  plots 
of  convenient  size. 

Seed  rate  and  seed  inoculation 

The  seed  rate  for  dolichos  bean  is  50-60kg/ha.  In  the  lands  where  beans  are 
grown  for  the  first  time  inoculation  of  seed  with  Rhizobium  sp  helps  in  quick 
nodulation  on  the  roots,  which  fix  atmospheric  nitrogen. 
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Method  of  sowing 

The  seeds  of  dolichos  bean  are  sown  in  rows  1-1. 5m  apart.  It  is  also  dibbled  or 
drilled  behind  the  plough.  The  climbing  types  are  sown  near  houses  and  allowed 
to  climb  on  the  roof  tops. 

Nutrient  requirement 

Although  dolichos  bean  is  a  legume  crop  it  responds  well  to  the  application  of 
fertilizers,  about  25  tonnes  of  well  composted  organic  manure  is  applied  to  the  soil 
at  the  time  of  final  preparation  of  the  land.  Application  of  20kg  N,  60kg  P,0  and 
60kg  K20  per  ha  is  recommended.  Half  of  the  N  along  with  entire  dose  of  P  and 
Iv  fertilizer  should  be  applied  at  the  time  of  sowing  in  bands  about  7— 8cm  to  the 
side  and  slightly  deeper  than  the  seed.  The  remaining  half  dose  of  N  should  be  top 
dressed  30  days  after  sowing. 

Water  management 

Dolichos  bean  is  a,  hardy  crop  comes  up  well  under  rainfed  conditions.  Flower¬ 
ing  and  pod  development  periods  are  the  critical  stages.  Depending  on  the  atmos¬ 
pheric  conditions  two  or  three  protective  irrigations  may  have  to  be  given.  For 
higher  yields  the  crop  should  be  irrigated  regularly  at  7-10  days  interval. 

Plant  protection 

Insects'.  Pod  borer,  aphids,  agromyzid  fly  and  plant  hoppers. 

Diseases:  Powdery  mildew,  phytophthora  pod-  and  rust. 

Schedule 

T  Spriay  the  crop  with  Phosphomidon  (0.5ml/litre)  or  Monocrotophos 
1.25ml/litre)  on  appearance  of  aphids. 

2.  Spray  Endosulfan  or  Malathion  (2ml/litre)  or  Carbaryl  (2g/litre)  six  weeks 
after  sowing. 

3.  Spray  the  crop  with  wettable  Sulphur  (3g/litre)  or  Dinacap  (1  ml/litre)  when 
powdery  mildew  is  noticed. 

Weed  control 

Shallow  cultivation  during  the  early  stages  of  crop  is  necessary  to  check  the 
weeds  and  to  faciliate  earthing  up.  A  pre-sowing  application  of  Fluchloralin  at  the 
rate  of  2  litre/ha  checks  the  weed  growth  for  20-25  days.  At  the  later  stages  of 
crop  growth,  the  weeds  are  kept  under  check  due  to  the  thick  canopy  of  the  crop. 

Harvesting 

In  bush  varieties  the  crop  is  ready  for  harvest  two  months  after  sowing  and  in 
pole-types  it  takes  three  months  for  first  harvest.  Fully  grown  pods  are  harvested. 
On  an  average  3-5  tonnes/ha  green  pods  are  expected  from  a  hectare. 
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Lima  bean 
(Phaseolus  lunatus  L.) 

B  S  Prabhakara,  L  B  Naik,  N  Mohan  and  B  Varalakshmi 

Lime  bean  (Phaselous  lunatus  L.)  is  also  known  as  double  bean  or  butter  bean.  The 
tender  pods  as  well  as  fully  matured  green  beans  which  are  cream  in  colour  are 
edible  after  cooking.  Similar  to  french  bean,  this  has  distinct  groups  such  as  pole- 
type,  semi-pole-type  and  bush-type.  This  bean  though  of  highly  nutritional  value  is 

not  commonly  grown  in  India. 

Origin 

The  lima  bean  originated  in  or  near  guatemala. 


Varieties 

Only  introduced  varieties  are  available  for  cultivation.  The  varieties  are  gener¬ 
ally  grouped  as  pole,  semi-pole,  bush  or  dwarf  types. 

Pole-type:  King  of  the  Garden,  Karolina  Butter,  Challenger,  Florida  Butter. 

Semi-pole:  Hopi  and  Wilbur. 

Bush-type:  Handerson  Bush,  Burpee  Bush,  Fordhook  242,  Baby  Potato  and 
Baby  Fordhook. 

KKl  1  Butter  beans:  It  is  a  selection  from  a  type  collected  from  Villpatti  and 
evolved  at  Horticultural  Research  Station,  Kodaikanal  of  the  TNAU.  It  is  pole- 
type  gretwing  to  a  height  of  2.4m  and  producing  pods  in  clusters.  The  pods  are 
11.6cm  long  each  containing  5-6  beans.  The  crop  will  be  ready  for  harvest  after 
100  days  and  harvest  will  continue  up  to  140  days.  It  yields  3.5  tonnes/ha  in  3^1 
pickings. 

Soil  and  climate 

It  requires  dry  cool  climate  and  grows  well  at  temperature  range  of  15°-20°C. 
When  the  temperature  goes  above  26°C  pollination  and  fertilization  are  impaired 
with  the  result  the  pod  formation  is  severally  reduced.  In  plains,  it  can  be  grown  as 
a  winter  vegetable  while  in  hills  it  is  grown  during  spring  and  rainy  season.  It  does 
not  tolerate  frost.  Lima  bean  can  be  grown  on  a  wide  range  of  soils  from  tight 
sandy  loams  to  heavy  clays.  However,  the  soils  should  be  well  drained  having  a  pH 
range  of  6.0-6.5.  A  tight  soil  will  stimulate  early  growth  and  maturity.  Heavy  soils 
will  allow  the  plants  to  grow  profusely. 

Season 

It  can  be  grown  twice  during  a  year,  once  during  rainy  season  (June-July)  and 
the  second  during  the  spring  season. 
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Cropping  system 

Generally  this  crop  is  taken  after  a  heavily  irrigated  and  manured  crop  like 
sugarcane  in  Maharashtra. 

Land  preparation 

The  land  is  ploughed  immediately  after  the  harvest  of  the  previous  crop.  Then 
the  land  is  kept  as  such  for  a  period  of  one  month.  Then  the  big  clods  are  broken 
down  by  a  disc  harrow.  Then  the  land  is  brought  to  a  fine  tilth  by  passing  a  cultiva¬ 
tor  twice.  The  field  is  divided  into  beds  of  convenient  size. 

Seed  rate  and  spacing 

A  seed  rate  of  20— 35kg  of  small  seeded  types  and  45— 50kg  of  large  seeded  type 
will  be  sufficient  for  one  hectare  area.  The  seeds  are  sown,  eyes  down,  at  a  spacing 
of  60  x  40cm  in  case  of  pole  and  semi-pole  types  and  at  35  x  25cm  in  case  of 
bush  varieties. 

Nutrient  requirement 

The  fertilizer  requirement  is  similar  to  that  of  french  bean.  Excess  application 
of  nitrogen  may  result  in  increased  foliage  growth  and  delayed  fruiting.  About  25 
tonnes/ha  of  farmyard  manure  is  applied  at  the  time  of  final  land  preparation.  A 
fertilizer  dose  of  40kg  nitrogen,  50kg  of  phosphorous  and  50  kg  potassium  is 
applied  as  basal  dressing. 

Irrigation 

Light  and  frequent  irrigation  should  be  provided.  The  soil  should  not  be  too 
wet. 

Intercultivation 

Frequent  shallow  weeding  will  help  the  crop  to  come  up  rapidly.  Pole-types 
should  be  trained  on  thin  bamboo  stakes  for  better  growth  and  fruit  set. 

Harvesting 

The  tender  pods  become  ready  for  harvest  in  85-90  days.  Full  grown  pods  are 
harvested  when  the  colour  changes  from  green  to  yellow.  The  fresh  seeds  can  be 
collected  at  this  stage.  Fully  matured  dried  beans  can  also  be  used  as  a  vegetable.  A 
yield  of  5-10  tonnes  of  fresh  green  lima  bean  pods  and  5.4-1  tonnes/ha  of  fresh 
green  shelled  beans  can  be  expected  per  hectare. 

PLANT  PROTECTION 

Downy  mildew  (Phytophthora  phaseoli )  appears  as  a  white  downy  growth  on  the 
pods  and  leaves.  The  disease  can  be  controlled  by  spraying  0.2%  Dithane  M  45. 
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Broad  bean 
(Vida  f aba  L.) 

B  S  Prabhakara,  L  B  Naik,  N  Mohan  and  B  Varalakshmi 

The  broad  bean  ( Vicia  faba  L.)  also  known  as  faba  bean  or  horse  bean  is  a  minor 
leguminous  crop  grown  in  localized  areas  in  India.  However,  it  is  widely  cultivated 
in  Latin  America.  Broad  beans  are  used  as  green,  shelled  and  dry  beans  and  as  a 
feed  for  livestock.  The  plant  grows  to  a  height  of  30-1 00cm  depending  on  the 
variety.  The  stem  is  square,  erect  and  usually  does  not  branch.  It  is  pollinated  by 
insects.  Clusters  of  white  black  branched  flowers  in  the  axil  of  the  leaves.  The  pods 
are  borne  upright  in  clusters  of  5  or  more  fleshy  beans.  Broad  bean  is  being  grown 
on  small  scale  in  Uttar  Pradesh,  Punjab,  Haryana,  Kashmir,  Rajasthan,  Karnataka, 
Madhya  Pradesh  and  Bihar.  Some  people  are  allergic  to  the  pollen  of  this  plant  and 
also  to  the  green  pods. 

Varieties 

There  is  no  improved  variety  available  in  India, but  several  exotic  varieties  intro¬ 
duced  from  abroad  are  given  below. 

Long  pod  type:  Aquadule  Claudin,  Imperial  White  long  pod,  Masterpiece  green 
long  pod,  Imperial  green  long  pod,  Red  Epicure 

Windsor  type :  Imperial  White  Windsor,  Gaint  Four  seeded  Green  Windsor, 
Imperial  Green  Windsor. 

Soil  and  climate 

It  prefers  rich,  well  drained  loamy  soil  with  pH  range  of  6. 5-7. 5.  It  tolerates 
salinity  to  some  extent.  Broad  bean  is  a  hardy  plant  and  is  the  only  bean  which  is 
grown  as  an  autumn  and  a  winter  crop  as  it  can  withstand  cold  temperatures  as  low 
as  4°C.  It  is  mainly  grown  at  higher  elevation. 

Seed  rate  and  sowing 

The  seeds  are  sown  in  shallow  furrows  of  15cm  width  formed  at  a  spacing  of 
75cm.  In  each  furrow  two  rows  of  seeds  are  sown  at  a  spacing  of  25cm  in  a  zig  zag 
manner  along  the  furrow.  It  can  be  sown  in  a  single  row  system  with  a  spacing  of 
45  x  15cm.  About  70-100kg  seeds/ha  would  be  required. 

Manuring 

The  field  is  given  deep  digging  and  farmyard  manure  is  applied  at  the  rate  of  10 
tonnes/ha  along  with  NPK  at  the  rate  of  20  :  50  :  40kg/ha  respectively. 

Irrigation  and  intercultural  operations 

Immediately  after  sowing,  the  field  has  to  be  irrigated.  This  is  followed  by  light 
irrigation  on  the  third  day.  Thereafter,  light  irrigation  should  be  given  at  a  regular 
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interval  of  12-15  days.  Regular  interculture  operations  should  be  carried  out  by 
hand  weeding  and  hoeing  to  keep  the  weeds  under  check  and  to  provide  a  good 
environment  for  crop  growth.  The  plants  have  to  be  staked  in  tall  varieties  with 
wooden  sticks  and  twigs  against  wind.  Provide  stakes  at  an  interval  of  lm  down 
both  sides  of  the  double  row  close  to  the  plants.  The  plants  are  tied  around  the 
stakes  with  twine  30-  60cm  above  the  ground.  The  side  shoots  arising  from  the 
base  of  the  stem  are  removed  to  encourage  straight  erect  growth. 

Harvest  and  yield 

Tender  pods  are  harvested  3-4  months  after  sowing.  Beans  are  harvested  at 
green  shell  stage.  A  pod  yield  of  7-10  tonnes/ha  and  green  bean  yield  of  1.8-2 
tonnes/ha  is  expected. 

Plant  protection 

The  insect  pests  and  diseases  of  this  crop  are  similar  to  those  affecting  other 
beans. 


Winged  bean 

(Psopbocarpus  tetragonolobus  L.) 

B  S  Prabhakara,  L  B  Naik,  N  Mohan  and  B  Varalakshmi 

Winged  bean  ( Psopbocarpus  tetragonolobus)  also  known  as  four  angled  bean  and 
goa  bean  is  a  tropical  legume  of  high  value.  It  produces  edible  pods,  seeds,  leaves, 
flowers,  tuberous  roots  and  edible  seed  oil.  Pods  contain  1. 2-2.9%  protein.  Young 
leaves  and  shoots  are  sometimes  eaten  as  leafy  vegetables  and  contain  6-15%  pro¬ 
tein. 

Origin 

Madagascur  in  Africa  is  considered  to  be  the  centre  of  origin  for  winged  bean. 
Presendy  it  is  grown  in  South-East  Asia  and  in  many  countries  of  New  World. 

Botany 

It  is  a  herbaceous  perennial  grown  as  annual  climber,  green  or  purple  stem, 
leaves  trifoliate,  pods  show  four  sides  with  wings  protruding  from  angles,  hence 
the  name  winged  bean,  it  is  photosensitive  and  requires  short-days  for  normal 
flower  induction.  Winged  bean  [Psopbocarpus  tetragonolobus  (L)  DC]  belong  to  the 
family  Leguminosae.  It  is  a  diploid  with  chromosone  number  of  2n=18  and  22. 

Varieties 

Numerous  cultivars  are  available  because  of  occurrence  of  different  ecotypes 
and  land  races.  The  cultivars  available  in  India  are  IIHR  selections,  20,  60,  71  and 
WBC  2. 
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Crop  Improvement 

The  main  objectives  of  breeding  should  be  to  look  for  photo-insensitivity,  ear¬ 
liness,  home  garden  lines  with  extended  harvest,  suitable  cultivars  to  tubers,  seeds 
and  green  pods.  Selection  is  the  main  breeding  procedure  for  developing  varieties 
suitable  for  either  market  garden  with  earliness  or  for  home  garden  with  pro¬ 
longed  harvest.  Hybridization  and  heterosis  for  the  exploitation  of  hybrid  vigour 
is  also  suggested  for  improving  the  cooking  quality.  Mutation  breeding  has  been 
attempted  to  get  dwarf  and  bush  types.  The  breeding  work  on  winged  bean  is  yet 
to  pick  up  proper  momentum  resulting  in  suitable  cultivars  for  the  protein  hungry 
world. 

Soil  and  climate 

Sandy  and  well  drained  soils  are  good  for  tuber  production.  Good  soil  texture 
favours  germination.  It  is  cultivated  from  sea  level  up  to  2,000m,  but  prefers  humid 
tropical  climate.  It  cannot  survive  prolonged  drought. 

Season 

Seeds  are  sown  by  the  beginning  of  rainy  season. 

Land  preparatiuon 

Soil  should  be  thoroughly  ploughed  and  pulverised  and  should  be  of  good  tilth. 

Spacing 

The  spacing  varies  depending  upon  the  cultivar  and  location.  Normally  seeds 
are  sown  at  a  spacing  of  120  x  60cm.  Pre-soaked  seeds  germinate  in  5-6  days. 

Nutrient  requirement 

Dry-matter  yield  will  be  increased  with  the  application  of  phosphatic  fertilizers. 

Harvesting  and  yield 

Green  pods  used  as  vegetable  are  ready  for  harvest  in  ten  weeks  after  sowing 
and  extends  up  to  2-3  years.  Yield  varies  from  15-25  tonnes/ha  depending  on 
varieties. 

PLANT  PROTECTION 


Pests  and  diseases 

Winged  bean  is  free  from  major  pests  and  diseases.  Recently  minor  diseases  like 
false  rust  and  leaf  spot  and  pests  like  aphids  were  observed  which  can  be  prevented 
by  chemical  sprays. 
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Okra  (Bhindi) 

[Abelmoschus  esculentus  (L.)  Moench] 

B  S  Dhankhar  and  J  P  Mishra 


Area  and  production 

India  is  the  largest  producer  of  Okra  ( bhindi )  in  the  world.  During  1998-99, 
33.80  lakh  tonnes  green  fruits  were  produced  from  3.26  lakh  hectares  in  the  country. 
The  major  bhindi  growing  states  are  Uttar  Pradesh,  Orissa,  Bihar  and  West  Bengal. 
The  once  declining  production  due  to  yellow  vein  mosaic  virus  (YVMV)  is  now  on 
rise  with  the  release  of  resistant  varieties  and  hybrids  extending  bhindi  cultivation 
in  disease  prone  areas  and  seasons. 

Economic  importance  and  uses 

Okra  {Bhindi)  is  an  annual  vegetable  crop  propagated  from  seed  in  tropical  and 
subtropical  regions  of  the  world.  After  harvesting,  fruits  can  be  easily  transported 
in  bulk  and  stored  fot  few  days  without  much  loss  of  quality.  Okra  is  more 
remunerative  than  the  leafy  vegetables.  Fresh  okra  fruits  are  important  and  used  as 
vegetable  in  India,  Brazil,  West  Africa  and  many  other  countries.  For  year  round 
consumption  sun-dried  (Africa,  India),  frozen  and  sterilized  (USA)  fruits  are  also 
important  market  products.  Tender  green  fruits  are  cooked  in  curry  and  are  also 
used  in  soups.  The  root  and  stem  are  useful  for  clearing  cane  juice  in  preparation 
°f  Ja8&ary-  Grubben  in  1977  reported  that  lOOg  consumable  unripe  bhindi  fruits 
contain  10.4g  dry-matter,  3,100  calorie  energy,  1.8g  protein,  90mg  calcium,  l.Omg 
iron,  0.1  mg  carotene,  0.07mg  thiamin,  0.08mg  riboflavin,  0.08mg  niacin  and  18mg 
vitamin  C  with  almost  comparable  constituents,  barring  a  few,  in  the  leaves.  In  the 
Far  East  countries  like  Papua,  New  Guinea,  Fiji  and  Solomon  Islands,  the  species 
A.  manihot  is  also  used  as  a  leafy  vegetable.  It  has  multiple  uses.  The  dry  seeds 
contain  13— 22 /o  edible  oil  and  20—24%  protein.  The  refined  oil  may  be  used  as  a 
substitute  for  common  edible  oils  especially  cotton  seed  oil.  The  seed  cake  is  also 
used  as  an  animal  feed.  The  dry  fruit  shell  and  stem  containing  crude  fibre  are 
suitable  for  use  in  manufacture  of  paper  and  cardboard. 

Export  potential 

Okra  has  tremendous  export  potential  as  fresh  vegetable.  It  accounts  for  70% 
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of  the  30%  exchange  earnings,  other  than  onion,  from  export  of  vegetables.  Our 
major  targets  have  been  our  neighbouring  countries  in  the  Gulf  and  South-East 
Asia,  particularly  Singapore,  Mauritius,  Malaysia,  Sri  Lanka,  Bangladesh  which 
require  vegetable  supply  round  the  year.  To  European  and  Japanese  markets  export 
has  just  started  but  quality  restrictions  are  more  and  competitive.  European  markets 
import  bhindi  from  Thailand,  Kenya  and  Zimbabwe.  Middle  East  countries  like 
Bahrain,  Qatar,  Kuwait,  Saudi  Arabia,  Muscat,  Tehran  and  Abu  Dhabi  are  upcoming 
potential  markets  for  export  of  vegetables  from  India.  For  fresh  fruit  export,  bhindi 
fruits  should  be  green,  tender,  6-9cm  long.  Among  suitable  varieties,  Pusa  Sawani, 
Parbhani  Kranti,  Varsha  Uphar  and  Pusa  A-4  have  established  in  the  areas  producing 
the  crop  mainly  for  export.  Before  the  release  of  Parbhani  Kranti,  Sel  2,  released 
earlier,  was  the  major  exported  variety.  Although  bhindi  is  grown  for  export  in 
different  parts  of  the  country,  the  major  exporting  areas  are  Nasik,  Ozar,  Saikheda, 
Dindori,  Kolhar,  Naraingaon  and  Sholapur  in  Maharashtra. 

CROP  IMPROVEMENT 

Origin 

There  is  not  much  evidence  available  to  show  as  to  when  and  how  cultivated 
bhindi  got  introduced  into  India.  The  genus  is  accepted  to  be  of  Asiatic  origin  but 
the  origin  of  cultivated  species  A.  esculentus  is  disputed  to  be  India,  Ethiopia,  West 
Africa  and  Tropical  Asia.  However,  Zeven  and  Zhukovsky  believed  it  to  have 
originated  from  India  owing  to  mention  of  ‘Tindisha’  and  ‘Gandhamula’  designating 
bhindi  in  ancient  Sanskrit  literature. 

Distribution 

All  species  and  forms  distinguished  by  van  Borssum  Waalkes  in  1966  are  present 
in  South-East  Asia,  which  he  considered  the  centre  of  distribution.  The  three 
cultivated  species  A.  esculentus,  A.  manihot,  A.  moschatus  are  now  cosmopolitan 
whereas  the  wild  species  (including/!,  tuberculatus )  are  confined  to  Asia  and  Australia 
with  the  exception  of  A.  ficulneus  which  is  also  present  in  tropical  Africa.  The 
cultivated  bhindi  can  be  found  throughout  the  tropics  and  also  warmer  parts  of 
the  temperate  zone  but  it  is  specially  valued  in  India,  the  near  East,  Brazil,  West 
Africa  and  the  southern  United  States. 

Bhindi  has  been  an  important  crop  from  time  unknown  in  Afghanistan,  India, 
Iran,  Pakistan,  Turkey  and  Yugoslavia.  Cultivars  of  these  countries  have  certain 
adaptation  characteristics  making  them  different  from  those  from  other  countries. 

Taxonomy 

Bhindi  (Okra,  lady’s  finger)  belongs  to  the  family  Malvaceae.  The  cultivated 
bhindi  was  earlier  known  as  Hibiscus  esculentus  L.  Since  in  bhindi  calyx,  corolla  and 


223 


VEGETABLES,  TUBERCROPS  AND  SPICES 


staminal  column  are  fused  together  at  the  base  and  fall  together  after  anthesis,  this 
has  been  renamed  as  Abelmoschus  esculentus  (L.)  Moench.,  distinguishing  it  from 
Hibiscus  in  which  calyx  is  persistent.  The  hypothesis  that  A.  esculentus  has  somatic 
chromosome  number  2n=130  and  is  an  amphi-diploid  of  A.  tuberculatus  with  2n=58 
and  an  unknown  species  with  2n=72,  makes  this  material  most  likely  source  of 
complimentary  genome.  Dutta  and  Naug  in  1968  suggested  that  the  chromosome 
numbers  for  A  esculentus  as  2n=72,  108,  120,  132,  144  are  an  indication  of  a  series 
of  polyploids  of  x=12.  The  polyploid  nature  of  A.  esculentus  was  also  suggested  by 
Charner  in  1984. 

Breeding  methods 

Bhindi  flowers  are  self  fertile  but  usually  up  to  10%  cross-pollination  occurs  by 
insects,  thus  it  is  classified  as  an  often  cross-pollinated  crop.  The  breeding  methods 
such  as  plant  introduction,  pure  line  selection,  intra-specific  hybridization-pedigree 
selection,  interspecific  hybridization  using  back  cross  technique  and  mutation 
breeding  are  used  for  improvement.  Improvement  in  yield  and  its  contributing 
characters,  and  resistance  to  YVMV  have  been  the  major  breeding  objectives  in 
bhindi. 

Earlier  varieties  of  bhindi  in  the  country  were  either  selections — both  single 
plant  selections  as  well  as  pure  line  selections — from  the  indigenous  material  (Pusa 
Makhmali,  Co  1,  Gujarat  Bhindi  1)  or  introductions  like  Perkin’s  Long  Green  and 
Clemson’s  Spineless.  Then  hybrid  derivative  selections  from  the  segregating 
progenies  of  inter-varietal  (intra-specific)  crosses  in  A.  esculentus  were  tried  using 
simple  bi-parental  crosses,  e.g.  Pusa  Sawani  (IC  1542  x  Pusa  Makhmali)  or  using 
complex  crosses,  e.g.  Sel  2  (Pusa  Sawani  x  Best  1)  x  (Pusa  Sawani  x  IC  7194). 
During  the  last  two  decades  a  great  concern  has  been  felt  for  developing  YVMV 
resistant  varieties,  after  the  breakdown  of  resistance  in  Pusa  Sawani.  Concerted 
efforts  were  made  to  develop  resistant  varieties  using  related  species  having  resistance 
to  the  disease.  Consequently,  interspecific  hybridization  using  back  cross  technique 
resulted  in  the  development  of  resistant  varieties  such  as  Parbhani  Kranti  (A. 
esculentus  cv  Pusa  Sawani  x  A.  manihot),  Punjab  7  (A.  esculentus  cv  Pusa  Sawani  x 
A.  manihot  ssp  manihot),  Arka  Abhay  and  Arka  Anamika  (A.  esculentus  x  A 
tetraphyllus).  Later  on,  other  resistant  varieties,  namely  Varsha  Uphar  (Lam 
Selection  1  X  Parbhani  Kranti)  and  Hissar  Unnat  (Sel.  2-2  x  Parbhani  Kranti) 
using  pedigree  selection  in  the  segregating  progenies  of  inter-varietal  crosses  were 
also  developed. 

Use  of  physical  and  chemical  mutagens  also  have  led  to  the  development  of 
varieties  such  as  MDU  1  at  TNAU,  Coimbatore  (using  Gamma  rays)  and  Punjab  8 
(EMS  8)  at  PAU,  Ludhiana  (using  EMS).  Still  newer  methodologies  like  transfer  of 
YVMV  resistance  from  non-crossable  forms  using  biotech  methods,  transfer  of 
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insect  resistance  utilizing  Bt  genes,  etc.  are  being  worked  upon  to  develop  resistant 
types  for  sustainability  of  yield  under  these  stresses. 

Description  of  varieties 

Before  1955  there  were  no  improved  varieties  in  bhindi  and  mosdy  local  cultivars 
were  cultivated.  During  this  period,  Dr  Harbhajan  Singh  initiated  systematic  research 
work  on  improvement  of  bhindi.  With  the  development  of  Pusa  Sawani  during 
late  fifties  as  yellow  vein  mosaic  resistant  variety  with  wide  adaptability,  most  of 
the  local  primitive,  low  yielding  adapted  types  got  extinct.  But,  after  the  breakdown 
of  its  resistance  to  YVMV  work  on  resistance  breeding  was  initiated  at  many  centres 
in  the  country  and  as  a  result  many  resistant  varieties  were  developed.  However, 
only  few  could  adapt  to  larger  growing  areas.  Some  important  cultivars  commercially 
cultivated  in  different  parts  of  the  country  are  as  follows: 

Pusa  Makhmali:  This  variety  is  a  pure  line  selection  from  local  type  collected 
from  West  Bengal.  It  bears  light-green  tapered  attractive  and  12-1 5cm  long  fruits 
with  high  yielding  (8-10  tonnes/ha)  potential  but  is  susceptible  to  YVMV.  It  was 
developed  at  Indian  Agricultural  Research  Institute  (IARI),  New  Delhi  during  late 
fifties.  It  is  suited  for  cultivation  in  hills  and  virus  free  seasons,  viz.  Spring-Summer 
in  the  plains  of  North  India.  The  plants  are  hairy,  180-210cm  tall,  erect,  less 
branched,  leaves  palmate  and  hairy. 

Pusa  Sawani :  The  most  popular  variety  known  throughout  the  country  was 
released  by  IARI,  New  Delhi  in  1962  as  a  hybrid  derivative  selection  from  the 
cross  between  IC  1542  and  Pusa  Makhmali.  It  bears  smooth  and  dark-green  fruits 
having  5  ridges  and  takes  45-50  days  from  sowing  to  first  harvest.  Pigmentation  is 
present  on  both  sides  of  petal  base  and  partially  on  petiole,  stem  and  leaf  base. 
First  fruit  is  borne  on  5th-7th  node.  It  is  suitable  for  cultivation  in  both  spring- 
summer  as  well  as  kbanf  seasons  as  it  is  less  sensitive  to  temperature  fluctuations. 
It  has  a  very  wide  adaptability  and  is  still  grown  almost  all  over  the  country  in 
disease-free  season.  Yield  around  12-12.5  tonnes /ha  could  be  harvested  from  a 
good  crop. 

Perkin’s  Long  Green :  This  variety  was  recommended  by  IARI  in  early  sixties. 
The  plants  are  green,  upright  and  produce  green  fruits  with  excellent  quality  and 
appearance.  It  is  suitable  for  cultivation  in  slightly  cooler  climate,  i.e.  in  the  lower 
hill  areas  of  north  India.  With  the  development  of  present  day  high  yielding  varieties, 
its  cultivation  is  now  limited  and  localized. 

Pusa  A-4:  This  variety  has  been  released  by  IARI  in  1994  as  a  substitute  for 
Pusa  Sawani.  The  plants  are  dark-green  with  sparse  pigmentation  (occasional)  on 
stem  and  petiole,  with  usually  single  stem  having  short  internodes  (2-4cm).  The 
leaves  are  broad  and  medium  lobed.  The  fruits  are  5-ridged,  attractive  dark-green, 
12-1 5cm  long  having  excellent  shelf-life.  It  is  resistant  to  YVMV  and  tolerant  to 
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jassids  and  shoot  and  fruit  borer.  Green  fruit  yield  during  summer  season  ranges 
10-12  tonnes/ha  while  during  kbarif  and  late  kharif  it  could  give  still  higher  yields. 
It  also  responds  to  pruning  to  extend  the  summer  crop  for  added  harvests  during 
kharif  season. 

Co  1:  It  was  developed  in  1976  at  Tamil  Nadu  Agricultural  University, 
Coimbatore  as  single  plant  selection  from  a  heterogeneous  population  of  Red 
Wonder  collected  from  Hyderabad.  Plants  are  90-1 20cm  tall.  Stem,  shoots,  petioles, 
midrib  and  basal  veins  of  the  lower  surface  of  leaf  lamina  are  prominendy  scarlet 
red.  Leaves  are  light-green  of  medium  size  and  deeply  lobed.  Petioles  are  longer 
(around  24cm).  The  fruiting  starts  from  5th  node.  The  fruits  are  glossy,  slender,  5 
ridged  and  scarlet  red  (colour  non-persistent  on  cooking).  It  has  field  tolerance  to 
YVMV  but  is  susceptible  to  fruit  borer  and  powdery  mildew.  Suits  well  for  cultivation 
during  summer,  rainy  ( kharif  and  winter  (late  kharif)  seasons  in  Tamil  Nadu. 

MDU  1:  It  was  evolved  at  Tamil  Nadu  Agricultural  University,  Coimbatore  in 
1978  as  an  induced  mutant  from  Pusa  Sawani  with  a  plant  height  of  75cm  with 
short  internodes  (6cm)  and  produces  about  10  fruits  per  plant.  Stem  is  green  with 
light-purple  pigmentation,  fruit  bearing  starts  from  4th— 5th  node  and  takes  43 
days  to  first  picking.  Fruits  are  light-green,  about  20cm  long  bearing  about  52 
seeds  per  fruit.  The  fruits  are  well  filled  and  weigh  about  29g  each  at  harvest.  The 
variety  was  released  by  Central  Variety  Release  Committee  in  1985. 

Arka  Anamika  (Sel  10):  The  variety  has  been  developed  as  a  hybrid  derivative 
selection  from  inter-specific  cross  between  A.  esculentus  and  A.  tetraphyllus  at  Indian 
Institute  of  Horticultural  Research  (IIHR),  Bangalore  and  released  by  Central  Variety 
Release  Committee.  The  plants  are  100cm  tall,  upright  open,  and  slightly  pigmented 
on  stem,  pedole  and  lower  leaves.  Fruits  are  dark-green  with  five  prominent  ridges 
and  comparatively  less  smooth  surface.  It  takes  50  days  to  first  flowering  and  55 
days  to  first  picking.  The  variety  is  excellent  yielder  in  south  but  with  a  lower 
performance  in  northern  states.  It  has  resistance  to  yellow  vein  mosaic  virus  and 
yields  around  12.5  tonnes/ha  under  optimum  conditions. 

Arka  Ahhay  (Sel  4):  The  variety  has  been  released  by  IIHR,  Bangalore  as  resistant 
to  YVMV.  It  is  a  sister  line  of  Arka  Anamika.  The  plants  resemble  Arka  Anamika 
in  appearance  as  well  as  YVMV  resistance.  It  carries  tolerance  to  fruit  borer  and 
may  suit  pruning  for  a  ratoon  crop. 

Punjab  Padmini:  This  variety  was  developed  at  Punjab  Agricultural  University, 
Ludhiana  as  a  hybrid  derivative  selection  from  inter-specific  cross  between  A. 
esculentus  and  A.  manihot  ssp  mamhot.  The  plants  grow  fast,  up  to  180-200cm. 
Pigmentation  is  visible  on  stem,  shoots,  petiole  and  lower  basal  veins  of  leaves. 
Leaves  are  dark-green,  medium  lobed  and  plant  is  hairy.  Flowering  starts  45-50 
days  after  sowing.  Fruits  are  dark-green,  fast  growing,  smooth,  15-20cm  long  and 
5  ridged.  It  is  resistant  to  YVMV  and  tolerant  to  jassids  and  cotton  boll  worm.  It  is 
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Pusa  A-4  (yellow  vein  resistant  variety  of  Okra) 


suitable  for  khanf  and  summer  seasons  of  north  and  winter  season  of  southern 
states.  It  yields  10-12.5  tonnes/ha  green  fruits. 

Punjab  7:  This  variety  was  developed  at  Punjab  Agricultural  University,  Ludhiana 
as  a  hybrid  derivative  selection  of  a  cross  between  A.  esculentus  cv.  Pusa  Sawam  and 
A.  mamhot  ssp.  manibot  and  was  released.  The  plants  are  medium  tall  (105cm)  and 
splashes  of  pigmentation  are  present  on  stem.  Leaves  are  dark-green  with  less 
serrated  margins.  Petiole  base  is  deeply  pigmented.  Plant  is  sparsely  hairy.  Fruits 
are  medium  long,  green,  5-ndged,  slightly  furrowed  with  less  pointed  beak. 
Flowering  starts  50  days  after  sowing  on  5— 6th  node.  It  yields  about  10  tonnes 
marketable  fruits  per  hectare  during  kharif  and  5  tonnes/ha  during  spring-summer. 
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Hissar  Unnat  (yellow  vein  resistant  variety  of  Okra) 


Seed  yield  of  0.4— 0.8  tonnes/ha  can  be  harvested  from  an  average  crop. 

Punjab  8  (EMS  8):  It  is  an  induced  mutant  derived  from  Pusa  Sawani  by  treating 
seed  with  EMS(1%).  The  plants  are  150cm  tall  with  purple  pigment  splashes  on 
stem,  petiole  and  lower  surface  of  the  leaf  base.  Stem,  petiole,  leaves  and  fruits  are 
sparsely  hairy.  Fruits  are  medium  long,  thin,  tender,  green  and  5  ridged.  It  carries 
field  resistance  to  YVMV  and  tolerance  to  fruit  borer.  It  is  suitable  for  cultivation 
in  khanf  as  well  as  spring  summer  season  in  north  India. 

Parbbani  Kranti:  This  YVMV  resistant  variety  was  developed  at  Marathwada 
Agricultural  University,  Parbhani  from  interspecific  cross  between  A.  esculentus  cv 
Pusa  Sawani  and  A.  mambot.  Plants  are  single  stem,  tall  with  dark-green  foliage. 
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The  leaves  are  deeply  lobed.  Flowering  starts  in  40-45  days  after  sowing.  The  first 
fruit  is  borne  on  5th-6th  node.  The  fruits  are  smooth,  dark-green,  slender,  5  ridged 
with  long  beak.  Average  green  fruit  yield  varies  from  8.5-9  tonnes/ha  during  spring 
summer  and  1.15  tonnes /ha  during  rainy  season. 

Gujarat  Bhindi  1:  It  was  developed  by  Gujarat  Agricultural  University, 
Ahmedabad  in  1983  as  a  pure  line  selection.  Plant  height  ranges  from  60cm  during 
spring  summer  to  90cm  during  kharif  season.  The  plants  are  erect  with  purple 
tinge  on  stem.  Leaves  are  broad,  dark-green,  with  purple-tinge  on  veins.  It  takes  40 
days  from  sowing  to  first  flowering.  Fruiting  starts  from  4th— 5th  node  and  fruits 
are  5  ridged,  tender  and  green  in  colour.  It  yields  about  7  tonnes/ha  green  fruits. 

Harbhajan  Bhindi:  The  variety  Perkin’s  Long  Green  was  released  in  1983-84 
as  Harbhajan  Bhindi  from  college  of  Agriculture,  Solan  to  commemorate  the 
memory  of  Dr  Harbhajan  Singh.  Under  Himachal  Pradesh  conditions,  plants  grow 
tall  and  are  prolific  bearer.  Leaves  large,  moderately  lobed  with  prominent  veins. 
Fruits  are  long,  tapered,  smooth,  green,  and  8  ridged. 

Varsha  Uphar  (HRB  9-2):  This  variety  has  been  developed  by  Haryana 
Agricultural  University,  Hissar  from  the  cross,  Lam  Selection  1  x  Parbhani  Kranti 
following  pedigree  selection  method.  It  was  released  in  1992  and  notified  in  1995 
by  the  Central  Sub-Committee  on  Crop  Standards.  It  has  resistance  to  YVMV  and 
field  tolerance  to  leaf  hopper  and  suits  to  disease  prone  rainy  as  well  as  disease-free 
spring-summer  season.  Plants  are  medium  tall  (90-1 20cm)  with  short  inter  nodes, 
producing  2-3  branches  each.  Petioles  pigmented.  It  takes  38  days  to  first  flowering 
and  46-47  days  to  first  picking.  Fruit  bearing  starts  from  4th  node.  Fruits  smooth, 
dark-green  attractive  with  long  tapering  tip  and  measure  18-20cm  on  full  maturity. 
Average  number  of  seeds  per  fruit  is  55-60.  It  is  a  prolific  bearer  with  an  average 
fruit  yield  of  10  tonnes/ha. 

Hissar  Unnat  (HRB  55):  Developed  by  Haryana  Agricultural  University,  Hissar 
from  the  cross,  Se.l  2-2  x  Parbhani  Kranti,  has  been  released  by  the  Central  Variety 
Release  Committee  and  notified  in  1996.  It  is  resistant  to  YVMV,  early  (first  picking 
in  46-47  days)  and  high  yielding  (12-13  tonnes/ha  green  fruits)  variety.  Plants 
medium  tall  with  short  internodes  producing  3-4  branches  each.  Foliage  green, 
petioles  occasionally  pigmented.  Petal  base  is  pigmented  on  inner  side  only.  Fruits 
green,  attractive,  5  ridged  and  measure  15-16cm  in  length  on  full  maturity.  It  is 
suitable  for  growing  during  summer  as  well  as  rainy  season. 

Selection  2-2:  The  variety  was  developed  at  IARI  from  the  cross  (Pusa  Sawani  x 
Best  one)  x  (Pusa  Sawani  x  IC  7194).  The  plants  grow  to  an  average  height  of 
110cm  with  occasional  branching.  It  takes  50  days  to  first  harvest.  Fruits  are  green 
tender,  long  (16-20cm)  and  5  ridged.  It  was  once  popular  in  Maharashtra  for  fresh 
fruit  exports. 

Azad  Kranti:  The  variety  has  been  developed  and  released  by  C  S  Azad 
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University  of  Agriculture  and  Technology,  Kanpur.  The  plants  are  fast  growing, 
occasionally  branched  and  with  sparse  pigmentation.  The  fruits  are  shiny-green, 
smooth,  5  ridged  with  long  beak.  It  has  high  degree  of  YVMV  tolerance  and  gives 
good  yield  (12.5  tonnes/ha).  It  is  also  suitable  for  cultivation  during  spring-summer. 

A  number  of  private  sector  bred  hybrids  having  resistance  to  YVMV  are  also 
being  grown  in  different  parts.  Some  of  these  are  Varsha  and  Vijay  from  Indo- 
Amencan  Hybrid  Seeds,  Adhunik  and  Panchali  from  Century  Seeds,  Hybrid 
No.  6  and  7  from  Mahyco,  Nath  Sobha  from  Nath  Seeds  and  Sungro  35  from 
Sungro.  There  is  a  big  gap  in  the  demand  and  supply  of  hybrid  seed  which  has 
affected  the  extension  of  area  under  hybrid  bhindi  in  the  country. 

CROP  PRODUCTION 


Climate  and  soil 

Bhindi  is  a  hot  weather  crop  and  thrives  well  during  hot  humid  season.  It  is 
susceptible  to  drought  and  low  night  temperatures.  Though  it  is  predominantly  a 
tropical  crop  it  can  be  grown  in  warmer  areas  of  temperate  regions  as  well.  For 
seed  germination  optimum  soil-moisture  and  a  temperature  range  between  25°C 
and  35°C  is  required,  with  fast  germination  observed  at  35°C.  Seeds  fail  to  germinate 
below  17°C.  At  temperatures  above  42°C  flower  buds  in  most  of  the  cultivars  may 
desiccate  and  drop  causing  yield  losses.  Under  high  temperature  and  low  humidity 
plants  grow  shorter.  Sunlight  is  equally  important  for  bhindi  crop.  A  50%  reduction 
in  sunlight  during  first  three  weeks  after  sowing  has  adverse  effect  on  yield. 

Bhindi  is  grown  on  a  relatively  wide  range  of  soils  (sandy  to  clay)  but  due  to  its 
well  developed  tap  root  system  it  does  best  on  relatively  light,  well  drained  rich 
soils.  As  such  loose,  friable,  well  manured  loam  soils  are  desirable.  The  maximum 
nutrient  uptake  through  roots,  conducive  for  higher  yields,  has  been  observed  at 
pH  6. 0-6. 8  in  most  of  the  cultivars.  However,  Pusa  Sawani  is  adapted  to  larger  pH 
range  and  has  some  tolerance  to  salinity. 

Season 

Sowing  in  the  plains  of  north  India  is  done  in  June-July  for  kharif  crop  and 
February  -  March  for  spring-summer  crop.  In  southern  states  due  to  mild  winter, 
crop  could  be  grown  year  round  and  as  such  a  winter  crop  with  November  sowing 
is  also  taken.  In  north  India  hills  the  crop  is  sown  during  April-June  while  in 
eastern  states  (Assam,  West  Bengal,  Orissa,  Bihar)  summer  crop  sowing  is  done  in 
late  January  or  early  February.  The  rainy  season  crop  is  sown  from  May-July  in 
these  states.  In  northern  plains,  a  late  kharif  sowing  by  mid-August  is  also 
recommended  as  it  gives  higher  percentage  of  marketable  fruits  late  in  the  season 
when  supply  from  main  crop  declines. 
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Cropping  systems 

Okra  could  be  used  in  different  cropping  systems.  In  sequential  cropping,  potato- 
carrot-okra  (all  for  seed),  Okra-potato-tomato  and  cauliflower-tomato-okra  with 
300%  cropping  intensity  give  crop  security  and  higher  income  per  unit  area.  Under 
sequential  intercropping  system  (okra  +  french  bean)  -  (capsicum  +  onion)  - 
(muskmelon  +  radish)  outyield  by  193%  as  compared  with  sole  crops  of  okra  - 
capsicum  -  muskmelon.  Okra  +  radish  and  okra  +  french  bean  gave  higher  return 
than  sole  crop.  They  responded  to  higher  doses  of  NPK  indicating  better  utilization 
of  fertilizers  under  intercropping.  Bhindi  could  give  300-500%  crop  land-use 
efficiency  as  an  intercrop  in  cassava  and  cucurbits.  Intercropping  systems  were 
higher  nutrition  yielder  than  companion  crops  as  pure  stand.  Growing  in  sequences 
like  okra  -  cowpea  -  maize,  maize  -  okra  -  radish  and  okra  -  okra  -  radish  reduced 
bacterial  wilt  in  tomato  and  brinjal  taken  as  succeeding  crop. 

Preparation  of  field 

The  soil  should  be  worked  well  up  to  a  depth  of  20-25cm  and  made  into  a  fine 
tilth  before  seed  sowing.  The  plant  has  well  developed  tap  root  system  and  is  a 
heavy  feeder  and  as  such  the  soil  should  also  be  made  rich  in  organic  matter  content. 
Solanzation  during  hot  summer  months  helps  to  a  great  extent  in  controlling  weed 
and  pest  population. 

Seed  and  sowing 

Okra  gives  little  success  on  transplanting  and  thus  seed  is  sown  directly  in  the 
soil  by  seed  drill,  hand  dibbling  or  behind  the  plough.  Broadcasting  is  not 
recommended  due  to  high  seed  rate  as  well  as  inconvenience  in  cultural  operations 
and  harvesting.  Sowing  on  ridges  ensures  proper  germination,  economizes  irrigation 
water  during  spring  summer  and  helps  in  drainage  during  rainy  season.  It  is  always 
better  to  do  seed  sowing  in  a  moist-soil  than  irrigating  the  field  after  sowing. 

The  recommended  seed  rate  per  hectare  is  1 8— 22kg  for  spring  summer  crop 
and  8-1 0kg  for  ( kharif)  crop.  Higher  seed  rate  could  be  used  if  the  crop  is  to  be 
sown  early  in  January  (in  some  of  the  eastern  states)  as  it  will  augment  germination 
loss  due  to  low  temperature.  Higher  seed  rate  and  lower  spacings  could  also  be 
opted  for  spring  summer  crop  to  lower  the  field  temperature  and  continued  fruiting 
under  frequent  tight  irrigations. 

Spacing 

A  planting  distance  of  60  x  30cm  accomodating  5,000  plants  per  hectare  is 
recommended  for  branching  types,  while  45  x  30cm  accommodating  66,000  plants 
per  hectare  for  non-branching  types.  During  spring  summer  season  with  less  plant 
growth  these  spacings  are  kept  at  45  X  20cm  or  even  less.  For  harvesting  smaller 
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fruits  for  fresh  fruit  export,  a  group  of  2-3  rows  at  20cm  distance  keeping  60cm 
between  these  groups  of  rows  could  be  grown  by  maintaining  20-30cm  spacing 
within  the  rows.  This  will  make  harvesting  easy  and  check  branching.  Recommended 
spacing  for  different  states  are  given  in  Table  1. 


Table  1 .  Recommended  fertilizers  and  spacing  in  bhindi 


State 

Spacing  (cm)+  Nutrients  (Kg/ha)* 

N  P  K 

Farmyard  manure 

(tonnes/ha) 

Andhra  Pradesh 

45x20 

100 

50 

50 

20-30 

Arunachal  Pradesh 

- 

120 

70 

60 

20 

Assam 

45x30 

50 

50 

50 

10 

Bihar 

- 

140 

64 

75 

15 

Gujarat 

45x30 

60 

30 

- 

10-15 

Haryana  45-60x30,30x10 

100 

50 

- 

10 

Himachal  Pradesh 

45x15 

75 

50 

50 

- 

Karnataka 

60x30 

125 

75 

62 

25 

Kerala 

60x30 

50 

8 

30 

12 

Madhya  Pradesh 

20x15 

80 

60 

60 

10 

Maharashtra 

75x30 

100 

50 

50 

50 

Orissa 

45-60x30 

112 

60 

90 

- 

Punjab 

45-60x25-30 

90 

0 

0 

25 

Rajasthan 

60x30 

60 

32 

30 

15 

Tamil  Nadu 

60x30 

40 

50 

30 

25 

Uttar  Pradesh 

45x30 

60 

30 

30 

20 

West  Bengal 

30-60x30 

50 

25 

25 

15 

*  Fertiliser  Development  Consultation  Organisation  (Tondon,  1987);  *  Recommendations  of 
states. 


Seed  and  soil  treatment 

Seed  treatment  by  soaking  in  0.2%  Bavistin  solution  helps  in  activating 
germination  process  and  initially  protects  seedlings  from  damping  off  disease.  Soil 
treatment  with  Furadan  @  2kg  a.i./ha  (20-22kg  product)  helps  in  protecting  plants 
from  root-knot  nematodes  and  other  root  and  shoot  pests  during  initial  4-5  weeks. 
Soil  treatment  with  weedicides  should  be  done  as  per  directives  specific  to  the 
chemical  being  used. 

Training/pruning 

Bhindi  as  such  does  not  require  training  or  pruning.  Varieties  developed  so  far 
are  upright  growing  and  hence  staking  is  also  not  required.  Only  in  recent  years, 
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some  success  has  been  achieved  in  raising  near  normal  ratoon  crop  in  kharif  from 
plants  of  spring-summer  sowing  by  pruning  them  at  20-25cm  above  the  ground 
after  summer  fruiting  with  the  onset  of  rains  followed  by  manuring  the  crop  and 
providing  plant  protection  cover.  Varieties  like  Arka  Abhay  and  Pus  a  A-4  give 
quick  branching  after  pruning. 

Nutrient  requirement  and  management 

Recommendation  of  Fertiliser  Development  and  Consultation  Organisation 
made  in  1987  for  different  states  is  presented  in  Table  1.  Organic  matter  in  the 
form  of  farmyard  manure,  poultry  manure  etc.  should  be  mixed  in  the  soil  at  the 
time  of  field  preparation  alongwith  whole  quantity  of  P  and  K  before  sowing.  One 
third  dose  of  nitrogen  should  be  added  to  the  soil  before  sowing  while  remaining 
nitrogen  be  applied  in  between  the  rows  in  the  standing  crop  in  equal  instalments 
about  4  weeks  after  sowing  and  at  flowering  and  fruiting.  In  spring  summer  crop 
(north  India)  as  per  farmers  practice,  split-application  of  nitrogen  in  the  soil  after 
every  3—4  pickings  increases  crop  duration  and  fruit  yield.  Crop  has  shown  response 
up  to  150kg  N/ha  depending  on  genotype  and  soil  fertility.  Similarly  soils  deficient 
in  P  and  K  have  shown  yield  improvement  when  these  elements  were  applied 
externally.  With  the  advent  of  high  yielding  varieties  and  hybrids,  their  nutritional 
requirement  has  gone  up  than  earlier  recommendations. 

For  per  hectare  production  of  10  tonne  green  fruits  equivalent  to  1  tonne  dry- 
matter  in  fruits,  the  plants  had  to  produce  5  tonnes  dry-matter/ha.  The  per  hectare 
uptake  was  95kg  N,  10kg  P,  60kg  K,  80kg  Ca,  35kg  Mg  and  the  transport  of  these 
nutrients  to  the  green  immature  fruits  was  29%  N,  40%  P  &  K,  9%  Ca,  11%  Mg 
amounting  roughly  to  20%  as  reported  in  one  of  the  studies. 

Positive  effects  of  Zinc  up  to  2%  as  soil  application  or  2mg/litre  as  foliar  spray 
and  Molybdenum  @  20mg/litre  foliar  spray,  have  been  observed  on  fruit  yield  and 
appearance.  Similarly  application  of  calcium  particularly  in  seed  crop  is  also 
suggested. 

For  ratoon  crop,  the  manurial  schedule  recommended  for  the  main  season  crop 
should  be  followed.  Basal  dressings  should  be  done  immediately  after  pruning  and 
should  be  followed  by  plant  protection  spray  and  irrigation. 

Irrigation 

First  irrigation  is  required  at  the  initiation  of  first  true  leaf  during  spring-summer 
and  at  its  expansion  during  kharif  (rainy)  season.  Subsequent  irrigations  at  5-6 
days  intervals  are  given  to  summer  crop  to  help  continued  fruiting  as  it  brings 
down  the  soil  and  plant  canopy  temperatures.  During  khdiif  irrigate  the  crop  as 
and  when  required.  Flooding  or  wilting  of  plants  should  be  avoided.  Drip  gives 
considerable  yield  increase  and  saves  and  70-80%  irrigation  water.  A  suitable  water 


233 


VEGETABLES,  TUBERCROPS  AND  SPICES 


harvesting  technique  for  dry  areas  is  sowing  double  rows  in  45cm  wide  furrows 
kept  alongwith  60cm  broad  ridges  having  slope  on  both  sides.  Water-stress  in  the 
crop  during  flowering  and  fruit  setting  stage  causes  yield  reduction  should  be  avoided 
as  it  also  affects  the  nutritional  quality  of  the  fruits. 

Weed  management 

Proper  weed  management  in  bhindl  saves  up  to  90%  crop  losses  reported  due 
to  weeds.  About  two  weedings  are  required  till  the  crop  canopy  covers  the  soil 
surface.  Use  of  weedicides  has  helped  in  reducing  the  number  of  weeding  to  zero 
during  summer  and  one  during  kharif  season.  Fluchloralin  (Basalin  48  ec)  @  1.5 
kg  a.i./ha  as  pre-sowing  soil  incorporation  and  Alachlor  (Lasso  50ec)  @  2.0kg 
a.i./ha  or  Pendimethalin  (Stomp  30ec)  @  0.75kg  a.i./ha  as  post-sowing  and  pre¬ 
emergence  soil  surface  spray  gives  initial  control  of  dicot  weeds,  though  one  weeding 
may  be  required  in  khanf  crop.  The  soil  surface  application  of  weedicides  is  effective 
for  4-5  weeks. 


PLANT  PROTECTION 


Diseases 

Damping-off:  The  disease  causes  pre-as  well  as  post-emergence  death  of 
seedlings.  Dunng  spring-summers  of  northern  and  eastern  India.  Fusarium  spp.  is 
more  prevalent  while  in  other  areas  and  seasons,  Pythium  spp.  and  Rhizoctonia 
spp.  cause  the  damping  off  of  the  seedlings.  Seed  treatment  with  Captan  or  Thiram 
@  ^g/kg  seed  or  Bavistin  @  2g/kg  seed  before  sowing  is  recommended.  Even 
drenching  seedlings  with  Captan  /  Thiram  @  2g/litre  water  is  helpful  if  the  infection 
is  localized.  While  no  resistant  varieties  are  in  commercial  cultivation,  Abelmoschus 
manihot  P.I.  379584  possesses  high  degree  of  resistance  to  F.  oxysporum  f.  sp. 
vasinfectum. 

Powdery  mildew:  The  disease  causes  high  yield  losses  in  southern  parts  of 
India  and  is  caused  by  Erysiphe  spp.,  predominantly  E.  cichoracearum.  Under 
prolonged  humid  conditions,  white  powdery  pustules  appear  on  the  lower  surface 
of  leaf  extending  to  the  upper  surface  causing  yellowing  and  death  of  leaf  and 
plant.  Wettable  sulphur  spray  @  2g/litre  water  at  weekly/ fortnightly  intervals, 
depending  upon  stage  of  spread  of  the  disease,  gives  effective  control.  Bavistin  or 
Benlate  @  2g/litre  water  sprayed  once  or  twice  is  also  effective  in  controlling  wild 
species,  A.  tetraphyllus,  A.  manihot,  A.  manihot  ssp.  manihot  and  A.  moschatus  are 
resistant  to  powdery  mildew. 

Blights:  Blighting  of  plants  is  a  serious  problem  in  Bengal,  Madras  and  southern 
Kerala.  It  is  caused  by  Cercospora  spp.  particularly  C.  abelmoschii,  and  Alternaria 
spp.  Spraying  Dithane  Z  78  or  Dithane  M  45  @  2g/litre  water  repeated  if  required, 
at  fortnightly  interval  gives  desired  control  of  the  disease.  Genotypes  IC  10238, 
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IC  8248,  IC  1542,  EC  32598,  Sel.7-1  and  Round  Selection  have  been  reported  as 
tolerant. 

Yellow  Vein  Mosaic  virus :  Yield  losses  caused  by  this  disease  vary  from  25- 
100%  depending  upon  the  stage  at  which  the  plant  is  infected.  This  virus  has  many 
alternative  hosts  and  one  or  the  other  host  keeps  on  growing  in  the  near  vicinity, 
making  the  control  difficult.  Its  vector  White  Fly  ( Bemecia  tabaci )  after  feeding  for 
12—24  hours  on  diseased  plant  remains  infective  throughout  its  life.  Chemical  control 
of  the  insect  is  difficult.  Destruction  of  alternative  hosts,  control  of  white  fly  and 
other  sucking  insects  and  uprooting  and  burying  of  infected  plants  are  some  of  jhe 
measures  to  reduce  the  vector  population  and  also  the  disease.  Wild  okra,  vi2.  A. 
pungens ,  A.  crinitus,  H.  panduraeformis,  H.  vitifolius  are  immune  to  this  virus.  During 
last  two  decades  several  resistant  varieties  (described  earlier)  have  been  bred  which 
are  giving  sustainable  high  yields  in  virus  prone  areas. 

Insect  pests 

Shoot  and  Fruit  Borer:  This  insect  (. Earias  spp.)  is  difficult  to  control  with  chemi¬ 
cals  as  egg  laying  is  sub-cutaneus  in  buds  and  apical  twigs  and  in  severe  cases  stem 
and  even  petiole  where  larvae  grow  and  feed  burrowing  inside.  Systemic  insecti¬ 
cides  are  effective  but  those  with  longer  residual  effect  should  not  be  used  during 
fruiting.  Spray  of  2ml  Malathion  or  1ml  Thiodan  per  litre  of  water  should  be  done 
once  or  twice,  avoiding  harvests  up  to  5  days  thereafter.  Spraying  before  flowering 
stage  alongwith  nipping  of  infested  parts  and  burying  in  the  soil  is  effective.  Spray¬ 
ing  neighbourhood  crop  is  advisable.  Location  of  okra  field  should  be  away  from 
cotton  field.  Summer  ploughing  and  clean  cultivation  are  also  helpful  in  reducing 
the  pest  population. 

Jassids:  This  is  the  most  serious  pest  of  okra.  The  small  green  hoppers  suck  the 
sap  from  lower  surface  of  the  leaves  causing  cupping  and  later  drying  and  falling 
of  leaves.  Spraying  Malathion  @  2ml  or  Thiodan  @  lml/litre  of  water  give  good 
control  of  the  pest.  Harvesting  should  be  avoided  up  to  5  days  after  spraying  as  a 
precaution  from  residual  toxicity.  Cultivar  Clemsons  Smooth  Long,  IC  7194,  8899, 
and  A.  mamhot  var.  Ghana  have  been  found  less  susceptible  under  field  condition. 

Mites:  This  is  an  emerging  serious  pest  of  okra.  The  Red  Spider  Mite  ( Tetranychus 
cinnabannus  and  T.  neocaledonicus )  under  dry  weather,  affect  the  crop.  It  weaves 
web  and  sucks  chlorophyll  content  of  plant.  Spraying  with  0.1%  solution  of  Diazinon 
or  Paratox  or  Monocil  helps  in  controlling  the  pest. 

Nematodes 

Root  knot  nematodes  cause  galls  on  the  feeder  roots  and  choke  the  food 
translocation  system,  ultimately  causing  stunting,  yellowing  and  death  of  plants. 
The  problem  generally  appears  in  patches..  Most  common  species  are,  Meloidogyne 
javanica  and  M.  incognita.  Pre-sowing  soil  treatment  using  20kg  Furadan  granules 
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per  hectare  is  an  efective  control  measure.  Neem  cake  @  2.5  tonnes/ha  or  saw 
dust  @  1  tonne/ha  applied  during  field  preparation  have  also  been  found  effective. 

Use  of  plant  growth  regulators 

Effect  of  plant  growth  regulators  in  bhindi  has  been  reported  by  various  workers. 
However,  they  are  not  being  used  practically  in  bhindi  production.  On  the  basis  of 
earlier  reports  plant  growth  regulators  affect  okra  in  many  ways,  such  as  seed 
treatment  by  GA  (400ppm),  IAA  (20ppm)  or  NAA  (20ppm)  enhanced  germination; 
Ethephon  (100-500ppm)  reduced  vegetative  growth  and  weakened  apical 
dominance;  cycocel  (1,000—  l,500ppm)  reduced  plant  height.  Post-harvest  treatment 
with  cycocel  (lOOppm)  enhanced  shelf-life  of  fruits,  and  with  ascorbic  acid  (250ppm) 
retention  of  chlorophyll  was  the  best  with  minimum  fruit  weight  loss  after  8-9 
days  of  storage  at  room  temperature. 

Harvesting  and  yield 

In  recent  years  high  yielding  YVMV  resistant  varieties  and  hybrids  have  become 
available  and  hence  the  productivity  has  increased.  Hybrid  varieties  occupied  0.77% 
during  1994  and  5.16%  during  1995  of  the  total  area  under  bhindi  in  the  country. 
An  average  yield  of  8  tonnes  green  fruits  per  hectare  during  spring-summer  and 
12.5  tonnes  during  rainy  season  is  ideal,  though  much  higher  yields  have  been 
harvested  by  individual  farmers.  In  general,  harvesting  every  alternate  day  is 
advisable.  Field  is  divided  into  blocks  to  ease  harvesting  at  one  or  two  days  intervals. 
Cotton  cloth  hand  gloves  should  be  used  to  protect  fingers.  Harvesting  in  the 
morning  when  hairs  on  fruits  are  soft  is  convenient  and  is  practised  for  nearby 
markets.  For  distant  markets  harvesting  in  the  late  evening  and  transporting  the 
produce  during  coolness  of  night  is  practised.  Fruits  are  harvested  by  bending  the 
pedicel  with  a  jerk. 


Table  2.  Fruit  development  in  relation  to  temperature  in  okra 


Temperature  (°C) 
Average 
(Day  +  Night) 

(±3.0) 

Incerase  in  fruit  length 
(days  from  flowering) 

Days  to  reach 
harvest  (edible) 
maturity 

Days  to  reach 
maxium  fruit 
length 

Period  of 
Maximum 
growth  rate 

Period  of 
maximum 
increase 

17.0 

12-15 

12-19 

12-15 

19 

19.7 

9-12 

10-15 

10-12 

15 

22.5 

6-9 

7-13 

7-9 

13 

25.3 

5-7 

6-10 

6-7 

10 

28.1 

4-6 

5-8 

5-6 

8 

Source:  USDA  Bulletin 
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Maturity  standards 

The  relationship  between  average  daily  temperature  and  fruit  development  is 
given  in  Table  2.  A  variety  with  over  16cm  long  fruits  could  reach  maximum  growth 
at  28.1°C  in  8  days  of  flowering,  harvest  maturity  at  5-6  days,  fibre  development 
beyond  7  days  and  maximum  growth  rate  between  4th-6th  day.  Early  harvests  will 
give  lower  yields  and  tender  fruits  with  shorter  shelf-life.  At  the  said  harvest  stage 
the  constituents  of  fruit,  viz.  sugars,  solids,  acids  are  in  adjustable  balance  with 
culinary  and  yield  preferences  and  maximum  yield  realization  is  made. 

Post-harvest  management 

After  harvest,  the  fruits  are  graded.  For  processing  industry  and  fresh  fruit 
export  6-8cm  long  fruits  are  sorted  out.  Longer  fruits  are  for  fresh  market.  Grading 
also  helps  in  local  markets  in  procuring  higher  price.  For  local  markets,  fruits  are 
cooled  (preferably)  and  filled  in  jute  bags  or  baskets,  covered  or  sewed  and  then 
water  sprinkled  over  them.  This  helps  in  cooling  as  well  as  in  turgidity  of  fruits 
which  tightens  the  pack  and  saves  product  from  bruises,  blemishes  and  blackening. 
In  air-tight  containers  the  fruits  may  turn  pale  during  transit  due  to  heat  generated 
by  the  fruits.  For  export,  suitable  size  perforated  paper  cartons  (5-8kg  size)  are 
taken  and  pre-cooled  fruits  are  packed,  and  transported  preferably  in  refrigerated 

vans. 

Storage  and  marketing 

Fresh  harvest  of  bhindi  fruits  could  be  stored  at  7-9°C  temperature  and  70- 
75%  relative  humidity  for  a  couple  of  days  without  much  loss  in  colour,  texture  or 
weight.  Larger  lots  of  harvested  fruits  suitably  packed,  reach  the  auction  hall  of 
vegetable  market  during  night  and  are  auctioned  early  in  the  morning.  Transport 
of  the  produce  to  large  or  small  mandis  depends  on  the  size  of  the  lot  and  their 
requirement.  Smaller  producers  form  groups  and  come  in  to  contract  with 
transporters.  The  producer  pays  the  cost  of  transport  and  the  commission  agent 
charges  some  percentage  of  the  auction  value  (6%  in  Azadpur  Sabji  Mandi,  Delhi) 
from  the  wholesale  purchaser  (bidder)  who  again  pays  1%  towards  fees  of  the 
mandi  administration.  The  produce  is  auctioned  by  lots,  packs  or  bags  of  known 
size  (approx,  weight).  This  purchased  produce  is  again  channelized  to  sellers  in 
different  areas  directly  to  the  retailer  or  sub-agents  of  the  area. 
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Muskmelon 
(Cucumis  melo  L.) 

T  A  More 


Area  and  production 

In  India,  vegetables  are  grown  in  5.8  million  hectares  area  with  production  of 
87.5  million  tonnes.  The  total  cropped  area  under  vegetable  is  2.8%.  Several 
cucurbitaceous  crops  are  grown  in  India  in  garden  lands  as  well  as  in  the  river 
beds.  In  river  beds  generally  mix  cropping  is  followed  hence  exact  data  on  area  and 
production  is  not  available.  Nevertheless,  it  is  estimated  that  the  melons  are  grown 
on  l,66,000ha  area. 

Economic  importance  and  uses 

Mature  fruits  of  muskmelon  (i Cucumis  melo  L.;  2n=24;  cantaloupe,  melon, 
muskmelon,  casaba,  winter  melon)  are  round  in  shape  and  8-1 6cm  in  diameter. 
Nevertheless  some  oblong,  flat  and  oval  fruit  shaped  varieties  are  also  available. 
They  are  valued  throughout  the  tropics  and  sub-tropics,  more  so  in  semi-and  and 
and  regions.  Immature  fruits  are  used  as  vegetable  and  seeds  are  edible  (used  also 
in  confectionery).  Melon  is  valued  as  a  summer  fruit.  In  ‘ayurveda’  and  ‘unani’ 
medicines,  it  is  stated  to  have  a  cooling  effect  on  the  body  system.  Further,  it  is  a 
dimulscent,  diuretic  and  aphrodisiac.  It  is  applied  as  a  lotion  in  several  skin 
conditions.  The  roots  have  emetic  and  purgative  properties.  There  is  tremendous 
intraspecific  variability  in  C.  melo.  Some  botanical  varieties  are  widely  grown  in 
certain  regions  for  use  as  fresh  salad  or  pickling.  These  include  C.  melo  var.  utilissimus 
(synonym  var.  jlexuosus  Naud.,  long  or  serpent  melon),  which  is  very  popular  in 
the  Indo-gangetic  plains  as  a  summer  salad.  The  fruits  are  long  cylindrical  and 
light-green  about  20-30cm  long,  and  harvested  when  tender.  Another  form  C. 
melo  var.  conomon  Makino  (oriental  pickling  melon,  Chinese  white  cucumber),  is 
used  in  East  Asia  for  pickling.  The  fruits  of  C.  anguina  L.  (west  Indian  gherkin )  is 
oval  or  obling  and  4-5cm  long.  It  is  mostly  used  in  pickles,  and  also  as  a  cooked 
vegetable.  It  is  cultivated  in  Brazil  and  West  Indies.  There  is  another  form  called 
snap  melon,  phoot  or  phoonte  (< Cucumis  melo  var.  momordica)  which  is  found 
throughout  India.  It  is  consumed  at  full  ripened  stage  just  like  muskmelon.  The 
skin  of  fruit  breaks  at  ripening.  The  flesh  is  crispy  and  sour  in  taste. 
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The  fruits  are  sweet  and  musky  in  flavour  and  are  relished  by  millions.  The 
fruits  contain  0.6%  protein,  0.2%  fat,  3.5%  carbohydrates,  32mg  calcium,  14mg 
phosphorus,  1.4mg  iron,  16mg  carotene  and  26mg  vitamin  C  per  lOOg  fresh  weight 
of  the  fruit. 

Export  potential 

India  has  varied  agro-climatic  conditions  making  the  cultivation  of  whole  range 
of  vegetables  possible  from  temperate  to  tropical  regions.  There  is  no  proper  survey 
of  the  foreign  markets  taken  up  about  the  quality  requirements  and  surpluses 
that  the  country  is  exporting.  Further,  no  new  market  has  been  explored.  There  is 
a  need  to  have  research  and  development  activities  of  export  oriented  types  in 
each  crop.  In  1997-98,  the  melons  are  exported  in  quantity  of  3,593mt  which  is 
valued  at  Rs  160  lakhs.  The  fruits  exported  should  have  good  keeping  quality. 

CROP  IMPROVEMENT 

Origin,  distribution  and  taxonomy 

Muskmelon  is  said  to  be  a  native  of  tropical  Africa  more  specifically  in  the 
eastern  region,  south  of  Sahara  Desert,  central  Asia  comprising  some  parts  of 
southern  Russia,  Iran,  Afganistan,  Pakistan  and  North-West  India  may  be  regarded 
as  a  secondary  centre  of  muskmelon.  The  huge  diversity  of  this  polymorphic  species 
C.  melo  has  been  recognized  as  a  complex  of  cultigenic  sp.ecies  with  free 
intercrossing  possible.  In  fact  Russian  botanists  have  raised  C.  melo  to  genetic 
status  of  Melo  sp.  retaining  cucumber  under  Cucumis.  According  to  them,  no  African 
wild  species  could  be  suspected  to  be  an  ancestor  of  the  cultivated  or  wild  melons. 
But  studies  conducted  on  alloenzyme  variation  on  wild  and  cultivated  species  of 
Cucumis  totalling  21,  it  is  suggested  India  rather  than  Africa,  is  the  centre  of  origin 
of  cultivated  melons.  On  the  basis  of  extensive  cytogenetical  studies  of  43  wild 
species  from  South,  East  and  West  Africa,  consisting  of  annuals  and  perennials, 
diploids,  tetraploids  and  hexaploid,  however,  South  Africa  is  considered  to  be  the 
primary  gene  centre  of  the  genus. 

The  third  but  less  important  cultivated  species  ( Cucumis  anguria  L.)  (2n=24) 
familiarly  called  as  West  Indian  gherkin  (but  sometimes  erroneously  referred  to  as 
pickling  cucumber)  has  been  known  in  semi-wild  state  in  West  Indies  and  is  now 
considered  to  be  conspecific  with  C  longipes  Hook  of  Africa  and  probably  became 
established  after  its  introduction  by  slave  trade  from  Africa.  This  wild  form  was 
retained  as  var.  longipes  and  cultivated  variety  as  var.  anguria. 

The  genus  Cucumis  (muskmelon  and  cucumber)  comprises  about  30  species 
distributed  over  two  distinct  geographic  areas  (i)  South-East  of  Himalayas  is  an 
important  region  of  Asiatic  group  with  basic  chromosome  of  x=7  to  which 
cucumber  belongs,  and  (ii)  African  group,  comprising  part  of  Africa,  Middle  East, 
Central  Asia  extending  to  Pakistan  and  South  Arabia.  Most  species  with  basic 
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number  x=12  are  found  in  this  region  with  few  tetraploids  and  hexaploids. 
Muskmelon  occurs  in  this  region,  besides  West  Indian  gherkin. 

Jafffey  (1980)  classified  the  entire  genus  Cucumis  into  two  subgenera  : 

1.  Subgenus  Cucumis  x=7.  3  or  4  Sino-Himalayan  species  including  C.  sativus 

L.,  C.  hystrix  Chakra,  (syn.  C.  muriculatus  Chakra). 

2.  Subgenus  Melo  x=12.  25  species  mosdy  in  tropical  and  South  Africa. 

(i)  Anguria  group:  dioecious,  monoecious  and  andromonoecious  perennials 
or  annuals  with  yellowish  or  brown  striped  browny  fruit  (20  sp.),  closely 
related  and  partially  fertile  interspecific  hybrids,  C.  anguria,  C.  dipsaceus, 
C.  prophetarum,  C.  myriocarpus  and  C.  sacleuxii. 

(ii)  Metuliferus  group — monoecious  annuals  with  red-spiny  fruits,  C. 
metuliferus  Naud. 

(iii)  Melo  group-monoecious,  andromonoecious  perennials  or  annuals  with 
smooth  fruits,  C.  melo,  C.  sagittatus  Peyr.  (syn.  C.  anglolensis ),  C.  dinteri 
Cogn.,  C.  humifructus  Stent. 

According  to  Leppik  (1996),  phytogeographic  distribution  would  point  towards 
East  Africa  adjoining  Arabian  Peninsula  and  eastern  part  of  Mediterranean  and  he 
relied  on  host  parasite  relation  in  respect  of  several  diseases.  These  areas  have 
greatest  concentration  of  several  wild  species  (2n=24,  48,  72)  that  showed 
phylogenetically  older  characters.  There  are  several  primitive  species  with  zerophytic 
and  perennial  habit  and  there  are  some  tetraploids.  Many  of  these  species  are 
resistant  to  pests  and  also  those  of  South  Africa.  Most  of  the  species  are  tolerant  to 
aphids  and  powdery  mildew  and  C.  anguria,  C.  ficifolius  and  C.  metuliferus  are 
resistant  to  nematode  and  there  are  several  species  which  carry  resistance  to  bean 
spider  mite  and  whitefly.  This  promoted  interest  in  the  interspecific  hybridization 
among  the  24  (also  48)  chromosome  species.  Studies  by  Deakin  et  al.  (1971)  showed 
that  all  the  wild  African  species  did  not  cross  with  C.  melo  either  at  diploid  or 
tetraploid  level.  They  grouped  Cucumis  spp.  under  5  groups,  where  C.  sativus  and 
other  14  chromosome  species  stand  apart  in  one  group,  and  cultivated  melo  in 
another.  The  anguria  group,  and  cultivated  melo  in  another.  The  anguria  group 
consisted  of  C.  longipes,  C.  africanus,  C.  dipsaceus,  C.  leptodermis,  C.  myriocarpus, 
C.  prophetarum,  C.  zeyheri  and  tetraploids  (2n=48)  C.  ficifolius  and  C.  heptadactylus. 
The  fourth  group  consisted  of  C.  dinteri  and  its  conspecific  C.  sagittatus,  C. 
humifructus  and  the  fifth  group  was  typified  by  C.  metuliferus.  The  latter 
investigations  which  included  cytological  studies  confirmed  the  conspecificity 
between  C.  dinteri  and  C.  sagittatus  and  between  G  myriocarpus  and  G  leptodermis. 
The  cross-compatible  group  listed  include  annual  species  C.  africanus,  C.  anguria, 
C.  dipsaceus,  C.  leptodermis  and  C.  myriocarpus;  perennial  ones  C.  ficifolius  and  C. 
zeyheri;  perennial  tetraploids  C.  aculeatus,  C.  heptadactylus  and  C.  zeyheri  and 
perennial  hexaploid  C.  figarea. 
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Breeding  methods 

In  India  main  objectives  of  muskmelon  breeding  are  to  develop  an  early  variety 
and  high  yield  potential  with  good  quality  (high  TSS)  and  resistance  to  diseases 
and  pest. 

Anthesis  takes  place  at.  5.30-6.30am  at  temperatures  of  22°-29°C.  Dehiscence 
takes  place  before  anthesis.  Size  of  pollen  varies  with  the  genotype.  Pollen  fertility 
decreases  as  The  day  advances.  The  stigma  is  receptive  from  2hr  before  to  2-3hr 
after  anthesis.  Fruit  set  by  controlled  pollination  is  slightly  higher  in  the  early  part 
of  the  season  than  in  the  later  part. 

Muskmelon,  snap  melon  (phoot)  and  long  melon  ( kakri )  easily  cross  with  each 
other  because  they  belong  to  the  same  species.  But  none  of  them  crosses  with 
round  melon  ( Precitrullus  fistulosus  (Stocks)  Pang.,  2n=24).  Heterosis  for  seed 
germination  is  evidenced  among  the  Fjs  of  muskmleon,  snap  melon,  and  long 
melon.  Fruit  set  is  higher  when  muskmelon  is  used  as  the  pollen  parent. 

Pollen  grains  of  long  melon  (C.  melo  var.  utilissimus)  germinate  on  a  medium  of 
10%  sugar  +  1%  agar.  Higher  fruit  set  is  obtained  under  natural  pollination 
compared  to  hand  pollination.  The  fruits  reach  maturity  in  45—48  days  after 
pollination. 

Fruit  set  in  monoecious  lines  of  C.  melo  is  29-42%.  The  efficiency  of  utilization 
of  the  pistillate  flowers  under  hand  pollination  is  doubled  in  monoecious  lines 
over  that  in  the  andromonoecious  lines  with  hermaphrodite  flowers. 

Breeding  methods  used  in  the  improvement  of  muskmelon  include:  (i)  selection, 
(ii)  hybridization,  (iii)  heterosis  breeding,  (iv)  polyploidy  breeding,  (v)  interspecific 
hybridization,  (vi)  resistance  breeding. 

Selection:  By  employing  a  selection  procedure  several  varieties  such  as  Pusa 
Madhuras,  Hara  Madhu,  Arka  Jeet  and  Arka  Raj  bans  have  been  developed  and 
released  in  our  country. 

Hybridization :  Using  the  hybridization  between  American  introductions  and 
Indian  varieties  followed  by  selection  three  varieties,  namely  Pusa  Sharbati,  Punjab 
Sunheri  and  Punjab  Rasila  have  been  developed  and  released. 

Heterosis  breeding:  Muskmelon  being  a  desert  fruit,  fruit  quality  will  be  a  deciding 
factor  in  heterosis  breeding,  besides  yield.  Expression  of  quality  characters  (TSS%) 
is  highly  influenced  by  environmental  factors.  Hence,  it  is  not  possible  to  fix  them 
within  arithmetical  limits  in  pure  bred  varieties.  Since  their  inheritance  and  expression 
are  complex,  it  is  necessary  to  find  out  whether  Fj  hybrids  can  prove  superior  to 
pure  bred  varieties,  and  heterozygosity  of  F,  perse,  can  bring  about  the  comparatively 
better  genetic  stability  necessary  in  the  manifestation  of  quality  attributes. 

The  andromonoecious  nature  of  muskmelon  involves  the  tedium  of  emasculation 
of  perfect  flowers  in  the  female  parents  for  hybrid  seed  production.  Even  isolation 
of  male  sterile  stocks  in  the  United  States  has  not  simplified  the  technique  of 
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hybrid  seed  production.  Development  of  monoecious  stocks  as  another  recourse 
was  taken  to  eliminate  the  cost  of  emasculation  at  Indian  Agricultural  Research 
Institute,  New  Delhi.  Till  now,  four  true-breeding  homozygous  monoecious  lines 
(Mi,  M2,  M3,  and  M4)  have  been  developed.  Furthermore  monoecious  lines  reduce 
the  extent  of  self  pollination  in  the  female  parent,  when  seed  production  is  done 
under  open  pollinated  conditions  with  adjacent  rows  of  male  and  female  parents. 
As  in  cucumber,  a  gynoecious  sex  form  WI  998  has  been  isolated  in  a  stable 
condition  in  muskmelon  in  USA.  Three  stable  gynoecious  lines  (86-104,  105,  and 
118)  lines  have  been  developed  at  Indian  Agricultural  Research  Institute,  New 
Delhi. 

Several  studies  were  conducted  to  study  the  extent  of  heterosis  in  muskmelon 
by  using  andromonoecious  varieties.  Some  attempts  were  made  in  this  direction  by 
using  the  different  female  parents  such  as  monoecious  sex  forms,  gynoecious  lines 
marker  genes  and  male  sterility  to  simplify  the  technique  of  hybrid  seed  production 
and  appreciable  amount  of  heterosis  is  reported  in  our  country.  However, 
commercially  two  hybrids,  namely  Punjab  Hybrid  using  male  sterile  stock  as  female 
at  Punjab  Agricultural  University,  Ludhiana  and  Pusa  Rasraj — using  monoecious 
sex  form  as  female  parent  at  Indian  Agricultural  Research  Institute,  New  Delhi 
have  been  released  for  commercial  cultivation. 

Polyploidy  breeding :  Attempt  was  made  to  induce  polyploidy  in  muskmelon  as 
early  as  in  1953  by  using  colchicine.  The  quality  of  tetraploid  strains  was  superior 
to  that  of  diploids.  However,  for  other  characters  such  as  productivity,  fruit  size, 
fertility,  and  number  of  seeds,  the  tetraploid  strains  were  inferior  to  the  diploids. 
This  indicates  that  there  is  not  much  scope  for  improvement  of  muskmelon  through 
polyploidy  breeding.  Other  attempts  made  to  induce  autotetraploidy  in  this  crop 
have  not  made  much  headway.  Further,  tetraploidy  has  proved  useful  to  improve 
the  fruit  size  of  a  wild  variety,  but  not  of  C.  melo  var.  momordica.  Amphidiploids 
plants  of  C.  dipsaceus  with  C.  anguria  var.  anguria  and  C.  anguria  var.  longipes.  are 
more  vigorous,  bear  larger  fruits,  and  produce  a  higher  percentage  of  viable  seeds 
than  the  parents  and  F^  hybrids. 

Interspecific  hybridization:  The  wild  Cucumis  species  are  a  wealth  of  genes  for 
resistance  to  many  diseases  and  insect  pests.  Interspecific  hybridization  was  made 
between  wild  Cucumis  species  (C.  figarei,  C.  myriocarpus,  C.  meeusii,  and  C.  zeyheri) 
and  C.  melo  (Pusa  Madhuras  and  M4),  including  reciprocal  crosses  by  conventional 
method  of  hybridization  at  Indian  Agricultural  Research  Institute,  New  Delhi. 
In  none  of  the  crosses  was  fruit  set  obtained.  Among  the  various  techniques 
employed  to  overcome  this  barrier,  mentor  pollen,  application  of  growth  regulator 
(BA)  and  organic  solvent  resulted  in  fruit  set  and  mature  seeds  were  obtained  in  C. 
figarei  x  C.melo  cross,  but  only  when  C.  figarei  was  used  as  female  parent.  Cytological 
(mitotic  and  meiotic)  studies,  however,  revealed  that  they  were  not  real  crosses. 
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Resistance  breeding:  Very  extensive  resistance  breeding  was  undertaken  at  Indian 
Agricultural  Research  Institute,  New  Delhi.  Several  lines  (a  cantaloupe  from 
California,  PMR  6,  PMR  5,  FM  5  (Cornell  83-275-61)  and  Gulf  Stream,  Jacumba, 
and  Perlita)  have  been  reported  to  be  resistant  to  powdery  mildew  under  natural 
epiphytotic  conditions.  Fj  hybrids  involving  one  or  both  of  these  resistant  parents 
have  imparted  powdery  mildew  resistance  to  Fj  hybrids.  A  study  of  the  genetic 
basis  of  powdery  mildew  resistance  showed  that  PMR  6  and  Campo  have  the  same 
locus  for  resistance  and  Gulf  Stream  differs  from  Campo  by  two  factors. 

The  Indian  muskmelon  types,  Budama  types  1,  3  and  3,  Phoontee,  Goomuk, 
Nakkadosakaya,  Ex  1,  and  Annamalai,  have  been  found  to  be  resistant  to  downy 
mildew. 

Fusarium  wilt  is  caused  by  Fusarium  oxysporum  f.  sp.  melonis  and  Fusarium 
solani.  Resistance  sources  are  Harela,  Durgapura  Madhu,  and  Punjab  Sunheri  to 
both  the  F.  oxysporum  f.  sp.  melonis  and  F.  solani;  Cucumis  figarei  (GBNR 1804),  C. 
zeyheri  2  (GBNR  1053),  and  C.  zeyheri  1  (73252  H9)  to  F.  oxysporum  f.  sp.  melonis 
and  Smith’s  Perfect  and  VAC-1  and  C.  callosus  to  F.  oxysporum  f.  sp.  melonis. 

Florida  67,  PMR  6,  Jacumba,  PMR  Honey  Dew,  Bulgarian  MS  10,  Bacharacha, 
Durgapura  Madhu,  Gulf  Stream,  Kabul  Melon,  and  Ludhiana  Col.  2  were  found 
to  be  resistant  to  cucumber  mosaic  virus.  ' 

Extensive  research  conducted  at  Indian  Agricultural  Research  Institute,  New 
Delhi  on  breeding  for  resistance  to  cucumber  green  mottle  mosaic  virus  (CGMMV) 
led  to  identification  of  C.  figarei,  C.  ficifolius,  C.  meeusii,  C.  agricanus  1  and  G. 
zeyheri  2  as  immune  to  CGMMV  based  on  confirmation  made  by  back  inoculation 
technique  and  transmission  electron  microscopic  studies.  Additionally,  Cucumis 
myriocarpus,  1,  3;  C.  africanus  2,  C.  zeyheri  1  ,phoot,  kari  and  FM  1  were  found  to 
be  resistant  to  this  virus.  By  using  phoot  (C.  melo  var.  momordica )  as  resistant 
sources  five  CGMMV  resistant  lines,  namely  VRM  5-10,  29-1,  31-1,  42-4  and 
43-6  have  been  developed.  These  lines  are  being  tested  in  multilocational  trials  of 
Project  Directorate  of  Vegetable  Research. 

Some  resistant  sources  to  insect  such  as  Cassba  and  PI  70683  against  red  pumpkin 
beetle  and  C.  melo  var.  callosus  against  fruitfly  has  been  identified. 

Varieties 

Muskmelon  is  a  polymorphic  taxon,  encompassing  a  large  number  of  botanical 
and  horticultural  groups.  It  includes  both  dessert  as  well  as  cooking  and  salad  types 
like  cucumber.  African  botanists  (Nandin,  1859)  divided  this  species  into  several 
botanical  varieties  adopting  a  trinomial  classification.  These  include:  (i)  Cucumis 
melo  var.  agretis,  (ii)  C.  melo  var.  cultura,  (iii)  C.  melo  var.  reticulatus  (netted  melons), 
(iv)  C.  melo  var.  cantaloupensis  (cantaloupe  melons),  (v)  C.  melo  var.  inodorous  (winter 
melons,  Honey  Dew,  Casaba  and  Cresnshaw),  (vi)  C.  melo  var.  flexuosus  (snake  or 


243 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


serpent  or  long  melon).  It  is  same  as  C.  melo  var.  utilissimus  of  India  known  as 
kakn  (of  North  India),  ‘tar’,  etc.  (vi)  C.  melo  var.  conomon  (pickling  melon),  (vii)  C. 
melo  var.  chito  (mango  melon  or  lemon  melon),  (viii)  C  melo  var.  dudain  (grown 
for  ornamental  purpose)  and  (ix)  C  melo  var.  momordica  (phoot  of  North  and 
eastern  India  or  called  as  snap  melon. 

Several  varieties  have  been  bred  in  India  and  released  for  commercial  cultivation. 
Important  characters  of  these  varieties  are  described  below. 

Pusa  Sbarbati:  An  early  cultivar  maturing  in  85  days,  with  round  fruits  having 
netted  skin.  Vines  moderately  spreading,  leaves  5  lobed,  green  with  light  pubescence 
and  medium  long  petiole.  Salmon-orange  flesh  is  firm  and  thick  with  small  seed 
cavity,  moderately  sweet  (11-12%  TSS).  It  is  a  derivative  from  the  cross  Kutana  X 
Resistant  No.  6  of  USA,  gives  3-4  fruits  per  vine,  released  by  Indian  Agricultural 
Research  Institute,  New  Delhi. 

Pusa  Madhuras:  It  is  a  mid-season  selection  from  a  Rajasthan  collection  with 
roundish-flat  fruits  weighing  a  kg  or  slightly  more.  Vigorous  vines,  leaves  entire 
green  pubescent  with  large  petioles.  The  skin  is  pale-green  sparsely  netted  with 
dark-green  stripes  and  salmon-orange  flesh,  juicy  and  sweet  (12-14%  TSS).  Poor 
keeping  quality.  Average  yield  12-16  tonnes/ha.  Suitable  for  growing  in  northern 
India.  Released  by  Indian  Agricultural  Research  Institute,  New  Delhi. 

Pusa  Rasraj  (FJ:  It  is  a  Fj  hybrid  (Monoecious  3  X  Durgapura  Madhu)  developed 
and  released  by  Indian  Agricultural  Research  Institute,  New  Delhi.  It  has  been 
recommended  for  commercial  cultivation  in  Delhi,  Uttar  Pradesh,  Punjab,  Haryana 


Pusa  Sharbati  muskmelon— a  late  maturing  sweet  variety  farmer  gets  good  remuneration 
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Pusa  Rasraj  F,  hybrid  muskmeloru 

and  Bihar.  The  average  weight  of  fruit  is  1-1 .2kg;  high  yielding  (25  tonnes/ha), 
producing  sweet  (11-12%  TSS)  fruits.  The  plants  are  monoecious  vigorous,  the 
fruits  are  slightly  oval,  smooth,  and  non-stripped.  Green  flesh,  take  75-80  days  for 
first  harvest.  Suitable  for  both  garden  land  and  river  bed  cultivation. 

Hara  Madhu:  It  is  released  by  Punjab  Agricultural  University,  Ludhiana.  It  is  a 
late  cultivar  developed  from  a  local  collection  of  Haryana.  Vines  are  3^1  meters 
long  and  vigorous.  Fruit  is  globose  with  dark-green  stripes,  weighing  one  kg,  flesh 
is  light-green,  juicy,  very  sweet  (with  12-15%  TSS).  Keeping  quality  poor. 

Punjab  Sunberi:  A  derivative  from  the  cross  Hara  Madhu  x  Edisto,  early 
maturing,  pale-green,  thick  skin,  salmon-orange  and  thick  flesh,  moderate  sweetness 
(11-12%  TSS).  Released  by  Punjab  Agricultural  University,  Ludhiana. 

Punjab  Hybrid  (Fi):  It  is  a  Fj  hybrid  between  a  male  sterile  line  ( ms\ )  and  Hara 
Madhu.  Vines  long  (2.0-2.5m),  vigorous  luxuriant  growth.  An  early  maturing  hybrid 
with  orange  flesh  and  netted  skin.  Suitable  for  distant  transportation.  Released  by 
Punjab  Agricultural  University,  Ludhiana. 

Punjab  Rasila:  It  is  developed  from  a  cross  WMR  29  x  Hara  Madhu  by  selection. 
The  fruits  are  round  with  green-thick,  juicy  and  flavoursome  flesh.  It  takes  80  days 
for  first  picking.  About  10  day  earlier  than  Hara  Madhu.  Average  yield  16  tonnes/ha. 
Fruit  weight  about  600g,  TSS  around  11%.  It  is  resistant  to  powdery  mildew  and 
moderately  resistant  to  downy  mildew.  Released  by  Punjab  Agricultural  University, 
Ludhiana. 

Durgapura  Madhu :  A  very  early  cultivar  confined  to  Jaipur  region  of  Rajasthan. 
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The  fruits  are  oblong,  weighing  500-600g,  pale-green  rind,  light-green  flesh  with 
dry  texture,  very  sweet  (13-14%  TSS),  seed  cavity  big.  Recommended  by 
Department  of  Agriculture,  Jaipur,  Rajasthan. 

Arka  Rajhans:  It  is  a  mid-season  variety  bearing  large  oval  fruits  weighing  about 
one  kg  with  fine  net.  The  flesh  is  white  and  sweet  and  fruit  has  transportable 
quality.  It  is  tolerant  to  powdery  mildew.  Keeping  quality  excellent.  Released  by 
Indian  Institute  of  Horticultural  Research,  Bangalore  for  southern  region  of  India. 

Arka  Jeet:  An  early  cultivar  very  similar  to  Lucknow  Safeda  of  Uttar  Pradesh 
and  a  selection  from  ‘Bati’  strain  of  Uttar  Pradesh.  Relatively  dwarf  habit.  The 
fruits  are  flat,  small  weighing  300-500g,  orange  to  orange-brown  skin,  white  flesh, 
big  seed  cavity  very  sweet  (12-14%  TSS).  Excellent  flavour  and  high  vitamin  C 
content.  Released  by  Indian  Institute  of  Horticultural  Research,  Bangalore. 

At  Indian  Agricultural  Research  Institute,  New  Delhi,  several  cucumber  green 
mottle  mosaic  virus  resistant  lines  VRM  5-10,  29-1,  31-1,  42-4  and  43-6  are 
developed  which  are  at  pre-release  stage.  There  are  several  local  cultivars  of 
muskmelon  grown  in  different  regions  of  India.  Among  the  noted  dessert  cultivars 
are  Lucknow  Safeda,  Bhagpat  melon  of  Meerut,  Jaunpuri  Netted,  Mau  melon  of 
Azamgarh,  etc.  of  Uttar  Pradesh;  Tonk  melon  of  Rajasthan;  Kharri  melon  of 
Hoshangabad,  Madhya  Pradesh;  Goose  melon  and  Kavit  Jam  or  Neel  of  northern 
Maharashtra;  and  Sharbat-e-Anar,  Bkthesa  of  Andhra  Pradesh  are  some  of  the 
cultivars  extensively  grown  in  river  beds  and  uplands.  Besides,  nod-dessert  type 
like  ‘phoot’  (snap  melon),  ‘kachn’  or  kachaun  (which  is  cooked)  of  North  India; 
‘dosakaya’,  budamkaya’  cooking  types  of  Andhra  Pradesh;  but  called  cucumber 
and  ‘Vellarakai’  (a  salad  cucumber  type)  of  Tamil  Nadu,  all  these  belong  to  Cucumis 
melo  even  though  not  considered  or  used  as  muskmelon.  Similar  is  the  case  of 
‘kakri’  or  ‘tar’  of  North  India,  otherwise  called  long  or  snake  or  serpent  melon. 

Climate  and  soil 

Muskmelon  is  essentially  a  warm  season  crop  grown  mainly  in  tropical  and  sub¬ 
tropical  regions.  Generally  a  long  period  of  warm,  preferably  dry  weather  with 
abundant  sunshine  is  required.  They  are  very  susceptible  to  frost.  Excess  humidity 
will  promote  diseases  like  powdery  mildew,  downy  mildew,  anthracnose  and  virus 
diseases  and  pests  such  as  fruit  fly.  For  good  fruit  quality  and  sweetness  in 
muskmelon,  dry  weather  during  fruit  development  is  necessary.  Melons  require 
tropical  climate  and  fairly  high  temperatures  of  35°-40°C  during  fruit  development. 
Cool  nights  and  warm  days  are  ideal  for  accumulation  of  sugars  in  the  fruits.  Maturity 
is  hastened  if  nights  are  warm. 

The  average  temperature  for  growth  would  be  around  30°-35°C  with  maximum 
ranging  around  40°C  and  minimum  between  20°-25°C  for  muskmelon.  Most  of 
the  cucurbits  germinate  well  when  the  day  temperature  is  above  25°C.  Cucumber 
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prefers  slightly  lower  temperature  than  other  cucurbits  hence  it  is  extensively  grown 
in  sub-tropical  region.  Soil-temperature  is  a  determinant  factor  for  quick 
germination,  early  maturity,  and  production.  The  maximum  and  optimum 
temperatures  are  25°C  and  18°-25°C,  respectively. 

A  well  drained  loamy  soil  is  preferred  for  all  the  cucurbits  including  muskmelon, 
cucumber  and  watermelon.  Lighter  soils  that  warm  quickly  in  spring  are  usually 
used  for  early  yields.  In  heavier  soils  vine  growth  will  be  greater  and  fruits  mature 
late.  In  sandy  river-beds,  alluvial  substrata  and  subterranean  moisture  of  river  streams 
support  cucurbits.  In  fact,  long  tap  root  system  is  adapted  to  the  growth  of  cucurbits 
in  riverbeds.  The  soils  should  not  crack  in  summer  and  should  not  be  water-logged 
in  rainy  season.  Muskmelon  prefers  a  soil  pH  of  6. 0-7.0.  Muskmelon  is  slightly 
more  tolerant  to  soil  acidity  while  cucumber  falls  under  the  intermediate  or  moderate 
category.  As  mentioned  earlier  soil-temperature  should  not  go  below  10°C  otherwise 
there  would  not  be  any  seed  germination.  Soil-moisture  is  also  important  for  rapid 
growth.  Similarly  soil-moisture  should  be  10—15%  above  the  permanent  wilting 
point. 

Season 

In  areas  where  winters  are  mild  particularly  in  south  and  central  India,  muskmelon 
could  be  grown  throughout  the  year.  But  there  should  be  high  temperature  at  the 
time  of  fruit  maturity  and  ripening  which  increases  the  sweetness.  During  rainy 
seasons  non-dessert  forms  of  muskmelon  are  grown  primarily  in  most  parts  of  the 
country.  Dessert  muskmelons  are  grown  only  in  those  seasons  when  the  weather  is 
dry  and  warm  during  fruit  development.  In  North  India,  early  sowing  is  generally 
done  in  riverbeds  in  November  and  it  extends  to  mid-February  in  garden  lands.  In 
south  and  central  India,  sowing  is  done  in  October-November  and  the  crop  matures 
in  March-April.  In  the  plains  of  North-East  India,  most  of  the  cucurbits  are  sown 
from  November-May  when  weather  is  comparatively  dry. 

November-transplanted  crops  take  sigmficandy  more  days  to  fruit  maturity  than 
March-transplanted  ones  under  Ludhiana  (Punjab)  conditions.  The  November 
transplanted  crop  comes  to  harvest  early  compared  to  the  March-sown,  but  it  is 
only  possible  in  riverbeds  with  proper  care. 

Cropping  systems 

Muskmelon  could  be  grown  in  different  cropping  systems.  In  garden  lands, 
cucurbits  are  generally  grown  in  rotation  and  in  mixed  cropping.  Brinjal— turnip— 
muskmelon  is  the  best  rotation  in  North-West  India.  In  the  central  Gangetic  plains 
potato  garden  pea-muskmelon-maize;  and  paddy-muskmelon,  rotations  are 

followed. 

Mixed  cropping  of  melons  is  done  in  the  initial  stages  of  sugarcane  in  eastern 
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Uttar  Pradesh  and  with  cotton  in  Punjab.  Snap  melon  is  invariably  grown  as  mixed 
crop  along  with  sorghum  or  maize  during  rainy  season. 

In  eastern  Uttar  Pradesh,  melons  are  grown  from  February-May  as  a  pure  crop 
in  rotation  after  potato  or  garden  pea  followed  by  maize  in  Varanasi  and  Jaunpur 
districts.  In  Lucknow  region,  Lucknow  Safeda  muskmelon  is  grown  after  paddy 
during  January-May.  In  rice  follows  of  Cuddapah  district  of  Andhra  Pradesh,  there 
is  a  small  well  defined  pocket  of  growing  muskmelon  between  February  and  May, 
the  fruits  of  which  reach  the  market  after  the  river  bed  crops  are  over.  Such  crops 
require  adequate  irrigation  facilities  during  summer  months. 

Under  sequential  cropping  system  (okra  +  french  bean)  -  (capsicum  +  onion)  - 
(muskmelon  +  radish)  outyield  by  193%  compared  with  the  sole  crops  of  okra- 
capsicum-muskmelon. 

Mixed  cropping  of  melons  in  initial  stages  of  sugarcane  is  done  in  eastern  Uttar 
Pradesh  and  in  Bhatinda  region  of  Punjab  mixed  cropping  with  cotton  is  prevalent. 
Usually  muskmelon  is  sown  in  relay  system  just  before  digging  of  potatoes  in  late 
January  or  early  February  in  northern  India. 

Preparation  of  field 

The  land  should  be  thoroughly  prepared  to  get  fine  tilth  for  seed  bed.  Details 
of  making  furrows,  raised  beds,  trenches,  mounds,  pits  made  for  sowing  of  the 
seeds  are  described  under  seed  and  sowing. 

Seed  and  sowing 

Muskmelon  is  seed  propagated  and  in  situ  sowing  is  practiced.  In  some  cases 
where  early  crop  is  desired,  seeds  can  be  sown  in  alkathene  bags  and  germinated 
under  protected  cover  from  low  temperature.  The  seeds  soaked  in  water  for  12- 
24hr  before  the  sowing  gives  better  germinadon.  This  is  practiced  if  temperature  is 
very  low.  The  seedlings  are  transplanted  in  the  field  from  the  bags  at  two-true  leaf 
stage.  This  practice  is  prevalent  in  Punjab.  This  can  be  practiced  in  the  hills  to  get 
early  crop  in  July.  Normally,  the  cucurbits  do  not  stand  transplantation  beyond  this 
stage  due  to  tap  root  system.  There  is  considerable  saving  of  seed  quantity,  nearly 
50-60%  as  compared  to  in  situ  sowing.  If  transplanting  is  to  be  done,  seeds  can  be 
sown  in  polyethylene  bags  (15  X  10cm)  of  100—200  gauge  and  germinated  under 
cover  to  protect  them  from  low  temperature.  The  seedlings  are  transplanted  from 
the  bags  at  two-true  leaf  stage.  They  can  be  germinated  in  hills  to  get  an  early  crop 
in  July.  Transplanted  Punjab  Sunheri  cv.  of  muskmelon  plants  grown  in  polyethylene 
bags  are  better  for  earliness,  number  of  fruits  per  vine,  average  fruit  weight,  and 
yield  than  direct-sown  crops. 

5  anous  systems  of  sowing  are  followed,  such  as  furrow  bed  pit  (deep  or  shallow), 
and  mounds.  In  case  of  furrow  sowing  the  furrows  are  made  at  2. 0-2. 5m  (up  to 
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3.0m)  The  recommended  seed  rate  per  hectare  is  3.0-7.0kg  for  muskmelon.  In 

case  of  longmelon  the  seed  rate  is  2.5-3. 5kg/ha. 

Sowing  is  usually  done  at  top  of  the  sides  of  furrows  and  the  vines  are  allowed 
to  trail  on  the  ground,  especially  in  summer.  This  method  is  very  useful  in  summer 
for  the  economic  use  of  irrigation  water.  Hills  in  which  sowing  is  done  are  spaced 
at  a  distance  of  0.50-0.75m,  with  4-5-6  seeds  in  each  hill,  and  two  vines  are  finally 
retained  in  each  hill. 

In  some  region,  bed  system  is  in  vogue  where  seeds  are  sown  on  the  pheriphery 
of  the  beds.  The  essential  feature  of  this  system  is  that  irngation  water  should  not 
spoil  the  developing  fruits  while  the  vines  spread  between  the  rows.  In  some  cases, 
raised  beds  or  mounds  are  made  to  facilitate  drainage  and  seeds  are  sown  in  the 
centre  of  the  raised  beds  especially  in  heavy  rainfall  region.  Pit  system  is  practiced 
especially  during  rainy  season  and  in  riverbed  cultivation.  The  pits  spaced  at  1.5- 
2.0m  are  dug  about  a  meter  deep  and  well  manured  with  farmyard  manure.  Five  to 
six  seeds  are  sown  in  a  pit  and  finally  two  to  three  vines  are  retained  in  each  pit.  In 
Andhra  Pradesh  cv.  Nakkadosakaya— the  cucumber  like  muskmelon  are  grown  in 
this  fashion.  In  river  bed  another  system  of  sowing,  i.e.  in  trenches  (30cm  wide, 
60cm  deep  and  of  a  convenient  length)  is  done.  The  distance  between  two  trenches 
is  kept  2-3m.  The  trenches  are  filled  with  farmyard  manure  which  is  mixed  with 
soil.  Three  to  four  pre-germinated  seeds  are  planted  per  hill  in  the  pits  or  trenches. 

Spacing 

The  spacing  required  for  sowing  depends  upon  the  crop  and  the  variety  grown. 
In  general,  row  to  row  distance  of  1.5-2.5m  and  hill  to  hill  distance  of  60-120cm 
is  advocated  for  muskmelon.  A  close  spacing  of  30cm  is  recommended  for  Hara 
Madhu  under  Punjab  conditions.  However,  hill  to  hill  distance  of  60cm  is 
recommended  in  Bangalore  for  the  same  cultivar.  Additionally  the  recommended 
distance  between  two  rows  is  300cm.  Under  Durgapura  (Rajasthan)  conditions,  a 
spacing  350cm  between  two  rows  and  60cm  between  two  plants  is  recommended 
for  muskmelon  cv.  Durgapura  Madhu  for  Zone  VI  by  AICVIP. 

The  spacing  requirement  of  longmelon  is  similar  to  that  of  muskmelon. 

Seed  and  soil  treatment 

The  seeds  of  muskmelon  should  be  soaked  in  water  overnight  and  then  should 
be  kept  in  moist  cloth  or  gunny  bag  near  a  warm  place  before  planting.  Germination 
would  start  within  3-4  days.  Soaking  of  seeds  in  Ethephon  at  480mg/litre  for  24 
hours  improved  germination  in  muskmelon,  at  low  temperature.  Seed  dressing 
with  Thiram  controlled  fungi  effectively  and  also  enhanced  seed  germination. 

To  obtain  highest  yield  and  good  quality  fruits  in  cv.  Hara  Madhu  treat  the 
seeds  for  8hrs  with  a  solution  containing  nitrophenolate  sodium  +  nitroguaiacol 
sodium  at  0.5% 
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Training  and  pruning 

The  yield  and  fruit  quality  is  improved  with  pruning  in  muskmelon.  Pruning  in 
combination  with  staking  or  spacing  the  plant  population  or  posidon  of  fruit  is 
found  to  be  even  more  effective.  In  muskmelon,  the  highest  yield  and  good  fruit 
quality  are  obtained  with  pruning  (as  the  first  hermaphrodite  flower  is  borne  on 
secondary  branch  arising  from  the  eighth  node,  the  secondary  branches  are  pinched 
off  up  to  the  seventh  node)  plus  staking.  Removing  the  secondary  shoots  up  to  the 
seventh  node  on  the  main  stem  is  found  optimal  to  improve  plant  growth  and  fruit 
set  and  induce  early  flowering.  However,  maximum  number  of  fruits  with  highest 
TSS  is  produced  between  9th  and  12th  nodes  on  the  main  stem.  Limiting  fruits  to 
five  increases  the  yield  of  muskmelon  cv.  Hara  Madhu.  Fruits  from  pruned  plants 
have  higher  TSS,  ascorbic  acid,  and  reducing  sugars  and  better  pulp  thickness  than 
in  the  control. 

Nutrient  requirement  and  management 

Doses  of  fertilizers  depend  upon  the  soil  type,  climate  and  system  of  cultivation. 
Muskmelon  responds  well  to  manuring.  Application  of  128  and  180kg  N/ha 
significantly  reduces  the  perfect:staminate  flower  ratio. 

Two  types  of  analytical  approaches,  decision  theory  and  marginal  analysis,  are 
advocated  to  find  out  an  appropriate  procedure  for  deciding  fertilizer  requirements 
of  muskmelon.  Both  criteria  could  be  used  to  decide  the  optimum  rates  of  N 
application.  A  computer  simulation  model  is  also  proposed  to  determine  optimum 
fertilizer  dosages  for  muskmelon  crop. 

Well  rotten  farmyard  manure  at  the  rate  of  15-20  tonnes/ha  is  applied  to  the 
field  at  the  time  of  land  preparation.  Work  conducted  on  fertilizer  requirement  of 
muskmelon  indicates  that  application  of  N,  P  and  K  not  only  increases  total  yield 
but  also  improves  vegetative  growth,  flowering,  fruit  weight,  total  soluble  solids, 
vitamin  C,  acidity,  dry-matter  content  and  mineral  up-take. 

Studies  conducted  at  IIHR,  Bangalore,  on  muskmelon  cv.  Hara  Madhu  indicate 
that  the  optimum  dose  of  fertilizer  is  50-1 00kg  N,  60kg  P205,  and  60kg  K:0/ha, 

A  dose  of  50kg  N,  37.5kg  P205  and  37.5K20/ha  as  optimum  dose  for  cvs. 
Punjab  Hybrid  and  Punjab  Sunhen  in  North-western  India.  However,  higher  doses 
of  N,  P205  and  K20  (165— 55— 55kg/ha,  respectively)  have  been  recommended  for 
muskmelon  crop  for  sandy  loam  soil  (which  is  usually  poor  in  nitrogen). 

Under  Hisar  conditions  (North-western)  comparatively  lower  doses  (40-50kg 
N  and  30kg  P205/ha)  are  recommended  for  cv.  Hara  Madhu.  Under  Varanasi 
(North-central  India)  conditions  a  dose  of  100kg  N,  60kg  P205,  and  50kg  KiO  for 
cv.  Jaunpuri  of  muskmelon  is  advocated. 

N  and  K  applications  (as  foliar  sprays)  in  concentrations  of  1.5%  increase  the 
number  of  hermaphrodite  flowers  in  cv.  Hara  Madhu.  Potash  treatment  also 
increases  TSS,  ascorbic  acid,  flavour,  taste  and  juiciness  of  fruits. 
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An  application  of  Ca  (20-30ppm)  and  Boron  (7.5-10.0ppm)  promotes  plant 
growth,  increases  fruit  yield,  flesh  and  rind  thickness.  In  Ludhiana,  a  micronutrient 
composition  (containing  Zn,  Cu,  Mn,  Mg,  B,  and  Mo)  applied  twice  (at  two-  and 
six-leaf  stages)  is  beneficial  to  increase  the  yield. 

Management  of  irrigation  water 

Frequent  irrigation  is  very  important  in  spring-summer  crop,  while  in  rainy 
season  crop,  irrigation  may  not  be  necessary  at  all,  if  rainfall  is  well  distributed 
between  July-September.  Moisture  is  an  important  factor  governing  good 
germination.  Generally  sprouted  seeds  are  planted  in  spring-summer  season  and 
adequate  moisture  has  to  be  maintained  at  the  time  of  emergence.  Usually,  pits, 
ridges,  or  beds  are  lightly  irrigated  a  day  or  two  prior  to  sowing  of  seeds,. and 
subsequent  irrigation  is  given  4-5  days  after  seed  sowing.  In  general,  irrigation 
once  in  5-6  days  will  be  necessary  depending  upon  soil,  temperature,  and  location. 
Irrigation  at  0.6-0.8  PEC  (pan  evaporation  coefficient)  results  in  good  vegetative 
growth  and  higher  yield  of  muskmelon  cv.  Hara  Madhu  in  Hissar,  Haryana.  More 
specifically,  irrigation  at  0.9  PEC  (55.5mm  irrigation  water,  IW)  also  improves  the 
fruit  quality  in  cv.  Hara  Madhu.  Irrigation  should  not  flood  the  hills  where  seeds 
are  sown  but  at  the  same  time  there  should  not  be  any  crust  formation.  It  is  always 
necessary  to  keep  moisture  well  maintained  at  the  root  zone  to  promote  rapid  tap 
root  development.  Irrigation  in  5-6  days  will  be  necessary  depending  upon  the 
soil,  location,  temperature,  etc.  Irrigation  water  should  not  wet  the  vines  or  vegetative 
parts,  especially  when  flowering,  fruit  set  and  fruit  development  are  in  progress. 
Usually  irrigation  frequency  is  reduced  when  fruits  reach  maturity  and  completely 
stopped  at  the  last  stages  of  harvest. 

In  sandy  loam  soil,  irrigation  at  weekly  intervals  under  normal  irrigation  system 
was  beneficial  in  muskmelon.  Pitcher  irrigation  is  also  found  an  efficient  means  of 
watering  in  muskmelon. 

Management  of  weeds 

For  successful  growing  of  muskmelon,  no  intense  interculture  is  required.  During 
the  early  stage  of  crops,  beds,  ridges,  etc.  need  to  be  kept  free  from  weeds.  At  the 
time  of  top  dressing  with  nitrogenous  fertilizers,  weeding  and  earthing  up  are 
done.  When  the  vines  start  spreading,  weeding  in  between  the  rows  or  ridges 
becomes  unnecessary  since  vine  growth  can  smother  the  weeds. 

Most  of  the  pre-  and  post-emergence  weedicides  are  phytotoxic  to  the  seedlings 
or  reduce  plant  growth  in  muskmelon.  Application  of  Fluchloralin  alone  or  Nitrofen 
or  Metribuzin,  Metribuzin  alone,  Turbutryn,  or  Thiobencarp  reduce  the  uptake  of 
N,  P  and  K  by  weeds  in  both  the  direct  sown  and  transplanted  crops  of  muskmelon. 
At  the  same  time,  nutrient  uptake  by  the  crop  is  enhanced  by  herbicide  application 
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compared  to  that  with  no  weed  control.  Fluchloralin  at  1.2kg  a.i./ha  (pre-plant), 
Fluchloralin  0.48kg  +  Nitrofen  at  0.50kg  a.i./ha  (pre-emergence)  gives  excellent 
weed  control  and,  as  a  result,  significant  increase  in  the  yield  of  muskmelon  is 
observed. 

Use  of  plant  growth  regulators 

Now-a-days  plant  growth  regulators  and  other  chemicals  have  shown  their 
potentialities  to  increase  the  production  of  number  of  vegetable  crops  including 
cucurbits.  Plant  growth  regulators  have  differential  effects  on  different  crops  and 
are  being  used  for  modifications,  sex  expression  and  increasing  fruiting  in  cucurbits, 
maintaining  gynoecious  sex  form  in  cucumber  and  muskmelon,  etc.  In  muskmelon 
application  of  Ethrel  (250ppm)  increases  the  fruiting  and  in  turn  the  yield. 
Exogenous  application  of  Silver  thiosulphate  (300-400ppm)  induces  the  male  flower 
in  gynoecious  muskmelon.  These  chemicals/plant  growth  regulators  should  be 
applied  twice  at  2-true-leaf  stage  and  secondly  at  4-true-leaf  stage. 

Harvesting  and  yield 

The  cucurbit  fruits,  generally,  mature  faster  immediately  after  fruit  set.  In  case 
of  Indian  squash  melon  ( tinda ),  and  long  (serpent)  melon  fruits  reach  optimum 
edible  maturity  stage  within  a  week  or  slightly  later.  In  muskmelon  where  fruits 
have  to  be  picked  at  full  maturity  stage,  ready  to  be  consumed  as  dessert  fruit,  the 
fruit  usually  will  be  ready  in  30-35  days.  Cucumis  melo  var.  momordica  {phoot ) 
takes  about  27-28  days  from  anthesis  to  harvesting.  In  case  of  muskmelon  and 
pboot  the  seed  maturity  and  edible  maturity  stages  coincide  with  each  other.  Yield 
varies  with  the  varieties  used.  Pusa  Rasraj  (Ft)  gives  about  25  tonnes/ha  fruit  yield. 
Pusa  Madhuras  and  Pusa  Sharbati  give  12-16  and  10-13  tonnes/ha  fruit  yield 
respectively. 

Maturity  standards 

In  muskmelon,  there  are  two  groups  of  cultivars  which  behave  distinctly.  In  one 
group,  the  fruits  when  mature  slip  out  easily  from  the  vine  with  a  little  pressure  or 
jerk  or  if  not,  remain  separated  the  next  day.  This  is  called  full  slip  stage.  Most  of 
the  cultivars  like  Lucknow  Safeda,  Durgapura  Madhu  and  cantaloupes  of  the  USA, 
behave  in  this  way.  In  netted  cantaloupe,  green  colour  of  vein  tract  between  the 
netting  changes  into  yellow  and  netting  becomes  pale-or  dirty-white.  These 
cantaloupe  can  be  picked  at  V«  slip  stage  for  long  distance  transportation.  There  is 
another  group  of  melons  like  Honey  Dew  and  Casaba,  the  fruits  of  which  do  not 
separate  at  maturity  and  they  have  to  be  picked  on  the  basis  of  external  colour.  In 
some  Indian  cultivars,  green  stripes  on  the  skin  begin  to  turn  yellow  which  is  an 
indication  of  full  maturity.  The  long  or  serpent  melon  (kakrt)  is  picked  at  tender 
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stage  before  the  fruit  skin  turns  pale-yellow  and  carpel  separation  is  noticed  in 
cross  section.  In  phoot  or  snap  melon,  the  green  rind  turns  yellow  or  orange  at  full 
maturity.  The  quality  characteristics  in  muskmelon  are  several  and  varied,  namely 
thick  skin  and  netting  suitable  for  long  distance  hauling,  juicier  flesh  with  at  least 
10%  TSS  (for  Indian  palate)  while  thick  and  dry  flesh  with  salmon-orange  colour 
of  cantaloupe  is  suited  to  western  taste,  small  seed  cavity  in  contrast  to  large  seed 
cavity  met  with  in  Indian  cultivars,  higher  aroma  in  Indian  cultivars  in  contrast  to 
characteristic  cantaloupe  flavour,  etc.  Muskmelon  is  a  climatric  fruit,  which  ripens 
during  transit  and  storage  and  hence  it  is  harvested  before  it  is  fully  ripe  so  that  it 
will  reach  the  consumer  at  full  ripe  condition.  More  juicier  the  flesh  the  less  will  be 
the  keeping  quality  of  the  whole  fruit.  Firmer  flesh  stands  transport  well.  The 
sweetness  is  entirely  due  to  reducing  and  non-reducing  sugars  chiefly  glucose, 
fructose,  sucrose,  mannose,  etc.  Salmon-orange  colour  flesh  contains  carotenoid 
pigments,  green  contain  chlorophyll  and  white  flesh  have  none. 

Post-harvest  management 

The  cucurbits  are  not  usually  processed.  Similarly  muskmelon  is  not  generally 
processed  except  the  flesh  of  muskmelon  is  used  in  ice-cream  in  western  countries. 
On  small  scale  the  juice  of  muskmelon  flesh  could  be  prepared,  however,  it  has  to 
be  consumed  within  short  time  because  it  does  not  have  any  storage  quality.  Similarly 
candy  of  muskmelon  fruits  could  be  prepared.  Nevertheless  other  form  of 
muskmelon,  i.e.  pickling  melon  are  used  in  making  the  pickles. 

Marketing  and  storage 

Rainy  season  crop  or  crop  damaged  by  summer  rains,  fly  attacked  fruits  would 
be  considerable  which  will  have  to  be  culled  out  before  sending  them  to  the  market. 
Other  consideration  in  harvesting  of  cucurbits  is  the  distance  of  markets.  In  fact 
long  or  serpent  melon  have  to  be  sold  out  in  nearby  markets.  Muskmelon  especially 
can  be  hauled  to  the  long  distance  metropolitan  markets  of  Bombay  (from  Andhra 
Pradesh),  Calcutta  (from  Uttar  Pradesh),  and  Delhi  (from  Rajasthan,  Lucknow, 
etc.).Muskmelon  are  transported  in  trucks  without  any  individual  packing  and  are 
liable  to  bruises  and  damage  during  transit.  The  river  bed  farmers  sell  their  produce 
to  transport  contractors  and  ‘ahrtiyas’  or  mandi  agents  who  advance  funds  to  them 
for  cultivation.  Being  highly  perishable  marketing  involves  risks  and  losses,  hence 
cultivation  of  these  vegetables  is  more  concentrated  around  metropolitan  cities. 
Some  far  flung  river-bed  growing  muskmelon  and  some  specialized  regions  supply 
melons  to  the  distant  market. 

Muskmelon  can  be  stored  for  2-3  days  if  they  have  reach  full  slip  stage.  Period 
of  storage  can  be  increased  by  lowering  the  storage  temperature  to  0°C  at  80-90% 
relative  humidity. 
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Cucumber 
(Cucumis  sativus  L.) 

T  A  More 


Area  and  production 

This  crop  is  grown  in  garden  lands  and  riverbeds.  Also  it  can  be  grown  as 
mixed  crop.  The  exact  area  and  production  is  not  known. 

Economic  importance  and  uses 

The  immature  fruits  of  Cucumis  sativus  L.  (2n=14)  (cucumber,  gherkin)  are 
used  as  salad  and  for  pickling.  The  fruits  are  also  consumed  raw.  Tender  leaves  are 
also  used  as  vegetable.  It  is  the  second  most  widely  cultivated  cucurbit  after 
watermelon.  In  temperate  countries  it  is  extensively  grown  in  glasshouse.  The  fruits 
and  seed  possess  cooling  properties.  The  fruit  is  also  used  as  an  astringent  and 
andpyretic.  The  seed  oil  is  also  used  as  antipyretic.  Fruits  are  good  for  people 
suffering  from  constipation,  jaundice  and  indigestion. 

Immature  fruits  are  consumed  as  salad  and  sell  at  a  premium  price  in  off-season. 
Fruits  vary  in  shape,  size  and  colour  and  are  considered  nutritious.  They  contains 
0.4%  protein,  2.5%  carbohydrates,  1.5mg  iron,  and  2mg  of  vitamin  C  per  lOOg 
fresh  weight. 

Export  potential 

India  has  varied  agro-climatic  conditions  making  the  cultivation  of  whole  range 
of  vegetables  possible  from  temperate  to  tropical.  No  proper  survey  of  the  foreign 
markets  has  been  taken  up  regarding  the  quality  requirements.  Further,  no  new 
market  has  been  explored.  There  is  a  need  to  have  research  and  development 
activities  of  export  oriented  types  in  each  crop.  In  1997-98,  the  cucumber  and 
gherkins  are  exported  in  quantity  of  10,766mt  which  valued  Rs  1,784  lakhs.  The 
fruits  exported  should  have  good  keeping  quality. 

CROP  IMPROVEMENT 

Origin,  distribution  and  taxonomy 

Cucumber  is  thought  to  be  indigenous  to  India,  the  evidence  being  more  of  a 
circumstantial  nature,  as  the  cucumber  is  never  found  in  wild  state.  Cucumber  had 
been  cultivated  over  3000  years  in  India. 

Cucumber  [Cucumis  sativus  L.)  belongs  to  the  family  Cucurbitaceae.  The  genus 
Cucumis  comprises  about  30  species  distributed  over  two  distinct  geographic  areas, 
like  South-East  of  Himalayas  group  and  African  group.  Out  of  these  South-East 
of  Himalyas  is  an  important  region  of  Asiatic  group  with  basic  chromosome  of 
x=7  to  which  cucumber  belongs.  The  subgenus  Cucumis  x=7  consists  of  3  or  4 
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Sino-Himalayan  species  including  C.  sativus  (cucumber),  C.  hystnx  (syn.  munculatus ) 
and  C.  bardwickii. 

Cucumis  bardwickii  R.,  a  small  bitter  cucumber  with  sparse  and  stiff  spines  has 
been  found  in  wild  in  the  foothills  of  Himalayas.  Free  hybridization  with  cultivated 
sativus  with  no  reduction  of  fertility  in  F2  generation  that  C.  bardwickii  might  be  a 
feral  form  or  more  likely  progenitor  of  the  cultivated  cucumber.  There  is  no  evidence 
that  unlike  the  other  species  Cucumis  melo  and  other  feral  species  which  have 
extensive  distribution  in  Africa,  cucumber  has  been  found  even  in  semi-wild  state. 
Other  details  are  described  under  muskmelon. 

Breeding  methods 

In  India,  main  objectives  of  cucumber  breeding  are  to  develop  an  early  fruiting 
variety,  uniform  cylindrical  fruit  shape,  soft  seeds  at  edible  maturity,  high  proportion 
of  female  flowers,  attractive  green  colour  with  smooth  surface,  long-green  fruits 
for  slicing  and  short-fruits  with  thin  skin  for  pickling  and  resistance  to  powdery 
mildew,  downy  mildew,  anthracnose,  viruses  and  insect-pests  and  abiotic  stresses. 

Light  intensity  and  time  of  day  influence  anthesis  more  than  temperature,  but 
temperature  has  greater  influence  on  anther  dehiscence  and  pollen  fertility.  Stigmatic 
receptivity  remains  for  a  very  short-duration  only.  Varietal  differences  are  observed 
in  pollen  size  and  shape. 

The  breeding  methods  used  for  improvement  of  cucumber  are  introduction, 
selection,  hybridization  and  heterosis  breeeding. 

Introduction:  Varietal  improvement  programme  in  India  started  with 
introduction  of  varieties  from  foreign  countries  and  these  were  recommended  for 
commercial  cultivation.  These  include  Japanese  Long  Green  and  Straight  Eight 
recommended  by  IARI  Regional  Station,  Katrain  and  Poinsett  recommended  by 
National  Seed  Corporation. 

Selection :  Some  varieties  such  as  Sheetal  (Konkan  Krishi  Vidaypeeth,  Dapoli, 
Maharashtra),  Khira  90  and  Khira  75  (Dr  Y  S  Parmar  University  of  Horticulture 
and  Forestry,  Solan,  Himachal  Pradesh)  are  developed  by  employing  selection 
procedure  and  released. 

Hybridization:  At  MPKV,  Rahuri  two  varieties,  namely  Himangi  (from  a  cross 
Poinsett  x  Kalyanpur  Ageti)  and  Phule  Shubhangi  (from  a  cross  Poinsett  x 
Kalyanpur  Ageti)  are  developed  by  hybridization  followed  by  selection.  These  were 
released  at  University  level  by  Mahatma  Phule  Krishi  Vidyapeeth,  Rahuri 
(Maharashtra). 

Heterosis  breeding:  Heterosis  breeding  has  brought  about  much  improvement 
in  cucumber.  Stabilization  of  gynoecious  sex  form  in  glasshouse  cucumber  (in  the 
United  States,  United  Kingdom,  Japan  and  Canada)  has  been  largely  responsible 
for  phenomenal  exploitation  of  heterosis.  Exploitation  of  gynoecious  lines  and 
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resistance  breeding  in  cucumber  have  gone  to  the  extent  of  developing  varieties 
resistant  to  as  many  as  nine  diseases. 

The  open  pollinated  cultivars  of  cucumber  are. monoecious  in  sex  form.  A  few 
attempts  have  been  made  to  exploit  monoecy  in  heterosis  breeding  in  this  crop. 
Examples  are  Saharanpur  x  Chaumagoo,  Saharanpur  X  Turkish  Long,  Hinreka  x 
Balam  Khira,  Chaubatia  Local  x  Solan  Local,  Furkin  Riesenchel  x  Solan  Local, 
Furkin  Riesenchel  x  Furkin  Delikoless,  Poona  Khira  x  Japanese  Long  Green, 
White  Long  Cucumber  x  Poinsett  and  Kalyaripura  Ageti  x  Panvel.  However,  none 
of  these  hybrids  is  commercially  exploited  or  grown  by  farmers. 

The  first  F  hybrid,  Pusa  Sanyog  developed  in  India  in  1971  has  a  gynoecious 
female  parent.  It  is  suited  to  sub-tropical  and  cooler  conditions  also.  This  hybrid 
has  shown  heterosis  for  early  yield,  total  yield,  and  number  of  fruits  per  plant. 

Presence  of  gynoecious  sex  forms  has  made  possible  phenomenal  progress  in 
exploitation  of  Fj  hybrid  under  glasshouse  conditions.  These  temperate  gynoecious 
lines  are  unstable  for  gynoecy  under  high  temperature  and  long  photoperiodic 
conditions.  Hence,  three  tropical  gynoecious  lines,  namely  Gyc  1  (87-304),  Gyc  2 
(87-3/9),  and  Gyc  3  (87-338)  are  developed  at  Indian  Agricultural  Research 
Institute,  New  Delhi.  The  fourth  tropical  gynoecious  line  ‘Gyc  4  (PKG-1)’  has 
been  developed  at  Mahatma  Phule  Knshi  Yidyapeeth,  Rahuri  (Maharashtra)  having 
parthenocarpic  gene  in  it. 

F  hybrids  made  by  using  these  tropical  gynoecious  lines  have  shown  great 
potential  for  yield.  Some  hybrids  such  as  DCH  1,  DCH  2,  PH  9  and  PH  18  having 
involved  tropical  gynoecious  lines  as  female  parents  are  being  tested  in  multi- 
locational  trials  of  Project  Directorate  of  Vegetable  Research  at  National  level. 

Resistance  breeding:  The  Indian  variety  Banglora  was  the  starting  point  for 
developing  downy  mildew  resistance  in  cultivars  in  the  United  States.  The  cucumber 
cultivars,  All  Season,  GY  604,  Improved  Long  Green,  Korea  Dutch,  and  GY  598, 
are  less  susceptible  to  red  pumpkin  beetle.  Moderate  resistance  to  Meloidogyne 
incognita  has  been  observed  in  line  GY  5937-587.  Besides  these  reports  no  attention 
is  paid  to  develop  resistant  varieties  in  our  country. 

Varieties 

Cucumber  cultivars  are  usually  classified  on  the  basis  of  how  they  are  used, 
fresh  market  (sheer)  and  pickling.  In  genera!  fruits  of  sheer  are  larger  than  pickling 
cultivars  and  they  develop  a  darker  and  heavier  skin  with  uniformly  cylindrical 
shape.  Present  day  pickling  cultivars  tend  to  develop  shorter  vines  than  fresh  market 
ones  and  they  are  more  prohfic.  Balam  Khira  of  Saharanpur  (Uttar  Pradesh)  region 
is  akin  to  pickling  type  of  West.  The  fruits  of  pickling  cultivars  are  smaller  and  the 
seed  cavity  develops  more  slowly,  an  important  characteristic  affecting  suitability 
for  storage  in  brine.  In  pickling  cultivars,  a  thin  skin  with  a  hghter  colour  is  preferred. 


256 


CUCURBITACEOUS  VEGETABLES 


Cucumber  cultivars  are  also  classified  according  to  the  spine  colour.  Generally 
slicing  cucumber  have  white  spine  colour  and  pickling  cucumbers  have  black  spine 
colour. 

Different  varieties  of  cucumber  developed  and  or  recommended  in  India  are  as 
follows: 

Japanese  Long  Green :  It  is  an  introduction.  A  temperate  cultivar  suited  to  hills 
and  lower  hills,  extra  early  with  45  days  maturity,  fruits  30-40cm  long,  fresh  light- 
green,  crisp.  Released  by  IARI,  Regional  Station,  Katrain  (Kullu  Valley). 

Straight  Eight:  Early  cultivar  suited  to  hills,  white  spined  fruit  medium  long, 
thick  straight  with  round  end,  colour  medium  green.  Released  by  IARI,  Regional 
Station,  Katrain  (Kullu  Valley). 

Pusa  Sanyog:  It  is  a  F  hybrid  (Japanese  Gynoecious  Line  x  Green  Long  of 
Naples).  Early  and  high  yielding  hybrid,  fruit  28-30cm  long,  cylindrical  and  dark- 
green  with  yellow  stripes,  crisp  flesh,  maturity  in  50  days.  It  is  suitable  for  temperate 
region  and  hills  of  subtropical  region.  Released  by  IARI,  Regional  Station,  Katrain 
(Kullu  Valley). 

Poinsett:  An  American  introduction  multiplied  by  National  Seeds  Corporation. 
Fruit  dark-green,  20-25cm  long,  originally  developed  at  Charleston  (South  Carolina), 
USA,  carrying  resistance  to  downy  mildew,  powdery  mildew,  anthracnose  and 
angular  leaf  spot. 

Himangi:  It  is  developed  by  selection  from  the  cross  Poinsett  x  Kalyanpur 
Aged.  Fruits  are  white  in  colour  and  resistant  to  bronzing.  Duration  100-110  days. 
Average  yield  19  tonnes/ha.  Developed  by  Mahatma  Phule  Krishi  Vidyapeeth, 
Rahuri  (Maharashtra). 

Phule  Shubhangi:  Developed  by  selection.  The  fruits  are  having  green  skin 
colour.  Tolerant  to  powdery  mildew.  Fruit  are  green  in  colour  and  straight.  Higher 
yielder  than  Poona  Khira  and  Himangi.  Released  by  MPKV,  Rahuri  (Maharashtra). 

Sbeetal:  It  is  released  by  Konkan  Krishi  Vidyapeeth,  Dapoli,  Maharashtra.  It  is 
developed  by  selection.  Fruit  skin  colour  is  light-greeen. 

K  90:  High  yielding  under  temperate  condition.  Released  by  Dr  Y  S  Parmar 
University  of  Horticulture  and  Forestry,  Solan,  Himachal  Pradesh. 

K  75:  High  yielding  under  temperate  condition.  Released  by  Dr  Y  S  Parmar 
University  of  Horticulture  and  Forestry,  Solan,  Himachal  Pradesh. 

Solan  Hybrid:  This  is  F,  hybrid.  Released  by  Dr  Y  S  Parmar  University  of 
Horticulture  and  Forestry,  Solan,  Himachal  Pradesh.  Suited  to  the  temperate  region. 
High  yielding. 

There  are  several  local  cultivars  grown  in  different  regions.  In  Poona  region, 
there  is  a  cultivar  called  Poona  Khira  producing  small  sized  pale-green  fruits.  In 
Saharanpur  region  (Uttar  Pradesh)  there  is  a  cultivar  called  Balam  Khira,  similar  to 
pickling  type  of  the  USA.  In  North  Bengal  a  variety  called  Darjeeling  or  Sikkim 
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Himangi  cucumber— a  light-green  high  yielding  variety  developed  by  MPKV 


type  is  known.  In  some  parts  of  Maharashtra  and  in  South  India,  the  real  cucumber 
is  called  ‘kakri’  which  should  not  be  confused  with  ‘kakri’  of  North  India. 

Climate  and  soil 

Similar  to  muskmelon  and  watermelon,  cucumber  is  essentially  a  warm  season 
crop  but  is  successfully  grown  in  tropical,  sub-tropical  and  temperate  regions.  This 
is  very  susceptible  to  frost.  Excess  humidity  promotes  diseases  like  powdery  mildew, 
downy  mildew,  anthracnose  and  pests  such  as  fruit  fly.  Cucumber  prefers  slightly 
lower  temperature  than  watermelon  and  muskmelon.  The  optimum  temperature 
is  26.4°C.  If  the  temperature  goes  above  30°C,  the  female  flower  production  is 
reduced  considerably.  Seeds  of  cucumber  germinate  well  if  the  day  temperature  is 
25°C.  A  well  drained  loamy  soil  is  preferred  for  cucumber.  Lighter  soils  that  warm 
quickly  in  spring  are  usually  used  for  early  yields.  In  heavier  soils  vine  growth  will 
be  greater  and  fruits  mature  late.  In  sandy  river-beds,  alluvial  substrata  and 
subterranean  moisture  of  river  streams  support  cucurbits.  The  soils  should  not 
crack  in  summer  and  should  not  be  water-logged  in  rainy  season.  The  soil  pH 
should  be  6-7.  Soil-moisture  is  also  important  for  rapid  growth  of  cucumber. 

Season 

In  North  India,  sowing  of  cucumber  is  done  from  November-January  when  it 
is  grown  in  riverbeds.  For  the  garden  crops,  it  is  sown  by  middle  of  February.  For 
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rainy  season  crop  it  is  sown  in  June-July.  In  south  and  central  India  where  winter 
is  mild  cucumber  is  grown  almost  through  out  the  year.  In  the  hills  the  sowing 
season  starts  from  April-May  and  the  fruits  of  cucumber  are  harvested  up  to 
August. 

Cropping  system 

In  garden  land  areas,  in  contrast  to  riverbeds,  there  is  a  definite  system  of  growing 
cucumber  in  rotation  and  mixed  cropping.  In  riverbeds  cucumber  is  grown  usually 
as  a  mix  cropping.  In  rotation,  it  is  sown  in  relay  system  just  before  digging  of 
potatoes  in  late  January  or  early  February  in  North  India. 

Preparation  of  land 

The  land  should  be  thoroughly  prepared  in  order  to  get  fine  tilth  for  seed  bed. 
Details  of  making  furrows,  raised  beds,  trenches,  mounds,  pits  made  for  sowing  of 
the  seeds  are  described  under  seed  and  sowing. 

Seed  and  sowing 

Cucumber  is  a  seed  propagated  crop  and  in-situ  sowing  is  practiced.  In  some 
cases  where  early  crop  is  desired,  the  seeds  can  be  sown  in  alkathene  bags  (10  x 
15cm)  of  100-200  gauge  and  germinated  under  cover  to  protect  them  from  low 
temperature  (see  details  under  muskmelon). 

Spacing  and  pruning 

The  spacing  required  for  sowing  depends  upon  the  crop  and  the  variety  grown. 
In  general,  row  to  row  distance  of  1.5-2.5m  and  hill  to  hill  distance  of  60-90cm  is 
advocated. 

Cucumber  cv.  Shinko  Ago,  a  spacing  of  100  x  60cm  and  pruning  of  plants  to  a 
single  stem  gives  the  highest  yield  compared  with  pruned  plants  spaced  at  100  x 
90cm  or  non-pruned  plants  at  both  the  spacings. 

Research  work  conducted  at  Indian  Agricultural  Research  Institute,  New  Delhi 
on  spacing-cum-pruning  requirement  of  monoecious  cv.  Poinsett  of  cucumber 
under  greenhouse  conditions  indicates  that  a  spacing  of  60  x  60cm  and  pruning 
all  the  primary  branches  after  2  nodes  gives  highest  yield  compared  to  other 
combinations  of  spacings  and  prunings.  The  vines  were  trained  vertically. 

Nutrient  requirement  and  management 

Based  on  the  extensive  research  conducted  at  Mahatma  Phule  Klishi  Vidyapeeth, 
Rahuri  (Maharashtra)  on  spacing-cum-fertilizer  requirement  of  tropical  gynoecious 
cucumber  hybrid,  the  spacing  of  1.80  x  0.45m  and  fertilizer  dose  of  200  :  125  :  125kg 
NPK/ha  are  recommended  for  obtaining  higher  yield  under  open  field  conditions. 
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Research  work  conducted  at  Mahatma  Phule  Krishi  Vidyapeeth,  Rahuri 
(Maharashtra)  on  fertigadon  requirement  of  tropical  gynoecious  cucumber  hybrid 
revealed  that  application  of  150  :  90  :  90  N,  P2O5  and  K20  kg/ha  (which  is  50% 
higher  than  the  recommended  dose)  as  fertigation  appeared  to  be  optimum  for 
better  growth  and  fruit  production.  This  dose  also  showed  the  better  uptake  of  N, 
P205  and  K20  of  136.59,  24.83  and  92.92kg/ha,  respectively. 

Management  of  irrigation  water 

Frequent  irrigation  is  very  important  in  spring-summer  crop,  while  in  rainy 
season  crop  irrigation  may  not  be  necessary  at  all  if  the  rainfall  is  well  distributed 
between  July-September.  Other  aspects  of  irrigation  requirement  are  discussed 
under  muskmelon. 

The  dynamics  of  root  and  shoot  growth  during  water-stress  have  been  studied 
in  cucumber  cv.  Long  Green.  The  weight  of  roots  decreased  with  increase  in  stress, 
whereas  that  of  shoots  increases.  During  recovery,  the  partitioning  of  assimilates 
between  roots  and  shoots  is  reversed.  Stressed  plants  leached  out  a  large  amount 
of  amino  acids  and  sugars  from  the  roots  into  sprouting  media  during  recovery. 

Management  of  weeds 

For  successful  growing  of  cucumber,  no  intense  interculture  is  required.  During 
the  early  stage  of  the  crops,  beds,  ridges,  etc.  need  to  be  kept  free  from  weeds.  At 
the  time  of  top  dressing  with  nitrogenous  fertilizers,  weeding  and  earthing  up  are 
done.  When  the  vines  start  spreading,  weeding  in  between  the  rows  or  ridges 
become  unnecessary  since  vine  growth  can  smother  the  weeds.  As  mentioned  in 
case  of  muskmelon  Fluchloralin  at  1.20kg  a.i./ha  (pre-plant),  Fluchloralin  0.48kg 
+  Nitrofen  at  0.50kg  a.i./ha  (pre-emergence)  could  be  applied  to  control  the  weeds 
in  cucumber. 

Use  of  plant  growth  regulators 

In  cucumber,  application  of  Ethrel  (150-200ppm)  increases  the  number  of  female 
flowers,  fruit-set  and  in  turn  increases  the  fruit  yield.  Growth  regulator  like  GA 
(1, 500-2, OOOppm)  and  chemical  like  silver  nitrate  (200-300ppm)  induce  the  male 
flowers  on  gynoecious  cucumber.  This  enables  maintenance  of  the  gynoecious 
line  in  pure  form  and  by  using  this  gynoecious  line  phenomenal  heterosis  has  been 
achieved  in  this  crop.  These  chemicals /plant  growth  regulators  may  be  applied  at 
2-true-leaf  stage  and  repeat  the  spray  at  4-true-leaf  stage. 

Harvesting  and  yield 

In  cucumber,  pickling  or  slicing  fruits  reach  optimum  edible  maturity  stage 
within  a  week  or  slightly  later.  Picking  of  fruits  at  the  right  edible  maturity  stage  is 
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dependent  upon  individual  kinds  and  varieties.  In  salad  or  slicing  cucumber,  dark- 
green  skin  colour  should  not  turn  into  brownish-yellow  or  russeting  and  white 
spine  colour  will  also  be  a  useful  indication  for  edible  maturity.  Further,  over  mature 
fruits  would  show  carpel  separation  in  transverse  section  of  the  fruits.  Optimum 
length  of  the  fruit  will  be  around  20-25cm  at  edible  maturity  stage,  depending 
upon  the  cultivar  in  case  of  slicing  cucumber.  In  small  fruited  types,  which  have 
pale -green  skin  colour,  the  length  of  the  fruit  would  be  around  8-1 2cm.  Here  also 
fruits  turning  yellow  will  be  over  mature  and  show  carpel  separation  in  cross  section. 
In  western  countries,  there  are  definite  standards  of  sizes  for  pickling  cultivars  and 
they  are  pickled  as  whole  fruit  or  as  slices  in  brine.  Hence  most  of  the  pickling 
cultivars  are  adopted  to  machine  or  once-over  harvest. 

About  15-20  tonnes  fruit  yield/ha  is  obtained  from  open  field  conditions  using 
monoecious  variety.  This  yield  could  be  doubled  by  using  tropical  gynoecious  Ft 
hybrids.  Under  greenhouse  conditions  about  200  tonnes/ha  yield  is  obtained  using 
tropical  gynoecious  hybrids. 

Post-harvest  management 

There  is  a  well  developed  cucumber  pickle  industry  in  the  USA  and  specific 
pickling  cultivars  have  been  developed  for  processing  in  brine.  Such  kind  of  industrial 
support  is  not  available  in  our  country  for  processing  cucumber. 

Marketing  and  storage 

Rainy  season  crop  or  crop  damaged  by  summer  rains,  fruit  fly  attacked  fruits 
would  be  considerable  which  will  have  to  be  culled  out  before  sending  to  market. 
In  cucumber  crook-neck-shaped  fruits  produced  especially  at  the  fag  end  of  the 
harvest,  would  have  less  marketable  value.  These  fruits  are  produced  because  of 
imperfect  pollination  and  fertilization  and  also  due  to  fly  attack.  Other  consideration 
in  harvesting  of  cucumber  is  the  distance  of  the  market.  Cucumber  does  not  stand 
much  to  long  transportation.  In  fact,  cucumbers  have  to  be  sold  out  in  nearby 
urban  markets.  Cucumbers  are  packed  in  baskets  and  transported.  Being  highly 
perishable,  marketing  of  cucumber  involves  risks  and  losses  and  hence  its  cultivation 
is  concentrated  around  the  metropolitan  cities.  Some  specialized  regions  like  Poona 
region  of  Maharashtra  supply  cucumbers  to  the  distant  markets. 

For  good  storage-life  of  cucumber  fruit,  the  optimum  temperature  is  near 
-10°C  and  a  relative  humidity  of  85%.  It  is  better  if  fruits  are  consumed  immediately 
upon  removal  from  storage.  Cucumbers  can  only  be  stored  for  10-14  days.  Chilling 
injury  as  a  physiological  storage  disorder  of  cucumber  is  noticed  when  fruits  are 
exposed  to  temperatures  below  -10°C  for  prolonged  period. 
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Watermelon 

(Citrullus  lanatus  Thunb.) 

T  A  More 


Area  and  production 

Watermelon  crop  is  grown  in  garden  lands  and  river  beds  in  India.  In  river 
beds,  mix  cropping  system  is  followed  hence  the  exact  area  and  production  is  not 
known. 

Economic  importance  and  uses 

Citrullus  lanatus  (Thunb.)  Mansf.  (2n=22)  synonyms:  C.  vulgaris  Schrad.,  is  the 
well  known  and  widely  cultivated  watermelon.  The  sweet,  juicy  pulp  of  the  ripe 
fruit  is  eaten  fresh  throughout  the  tropics  and  subtropical  regions.  The  seed  is  also 
eaten  as  a  snack  after  shelling  and  roasting.  The  fruit  has  cooling  effect  and  is  used 
as  an  expectorant,  diuretic  and  stomachiec  and  in  allaying  thirst.  Citrullus  colocynthis 
(L.)  Schrad,  (2n=22)  (colosynth)  occurs  from  India  to  tropical  Africa.  It  is  a  potential 
crop  for  arid  lands.  However,  its  most  important  use  is  in  medicine  for  which  the 
fruits  are  mainly  used.  It  is  employed  in  all  systems  of  medicine  including  ‘unani’ 
and  ‘ayurveda’.  The  fruits  are  round  and  about  5cm  in  diameter.  They  are  bitter 
pungent  in  taste.  They  are  capling,  purgative,  anthelmintic,  antipyretic  and 
carminative  in  action.  They  cure  a  wide  range  of  ailments  such  as  ulcers,  asthama, 
bronchitis,  jaundice,  enlargement  of  spleen,  dyspepsia,  constipation  and  anaemia. 
The  ground  roots  are  applied  externally  to  control  inflammation  of  breasts  and 
pain  in  the  joints  and  uterus. 

It  is  a  common  man’s  fruit  relished  by  both  rich  and  poor  alike.  The  fruit  juice 
is  also  consumed  by  many  after  adding  a  pinch  of  salt  and  black  pepper.  The  juice 
is  delicious  and  nourishing  and  exerts  a  cooling  effect  in  hot  summer  months.  The 
fruits  contains  95%  water,  0.2%  protein,  0.3%  minerals  and  3.3%  carbohydrates 
per  lOOg  fresh  weight.  It  is  also  a  rich  source  of  iron.  The  seed  kernels  are  also 
used  in  various  sweets  and  other  delecacies.  The  unripe  fruits  are  also  cooked  as  a 
vegetable  in  some  parts  of  India. 

Export  potential 

India  has  varied  agro-climatic  conditions  making  the  cultivation  of  whole  range 
of  vegetables  possible  from  temperate  to  tropical.  There  is  no  proper  survey  of  the 
foreign  markets  taken  up  regarding  the  quality  requirements.  Further,  no  new  market 
has  been  explored.  There  is  a  need  to  have  research  and  development  activities  of 
export  oriented  types  in  each  crop.  In  1997-98  3,593mt  melons  were  exported 
from  India  which  were  valued  at  Rs  160  lakhs. 
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CROP  IMPROVEMENT 

Origin,  distribution  and  taxonomy 

There  was  much  evidence  of  the  possibility  of  watermelon  being  indigenous  to 
tropical  Africa  more  specifically  South.  It  is  truly  wild  or  native  only  in  sandy  dry 
areas  of  South  Africa  chiefly  Kalahari  desert.  Livingstone  reported  in  1857  in  a 
book  on  his  expedition  in  South  Africa  that  in  the  desert  of  Kalahari,  there  were 
natural  outgrowths  of  watermelon  of  various  forms  both  edible  and  inedible. 

The  Citrullus  genus  belongs  to  the  subtribe  Benincasinae  (Sr.)  C.  Jeffr.,  tribe 
Bininaceae  Sr.,  and  subfamily  Cucurbitaceae. 

The  African  distribution  of  the  genus  has  been  recognized  and  four  species 
have  been  listed,  Citrullus  vulgaris  Schrad.  which  includes  cultivated  watermelon 
(now  renamed  C.  lanatus  (Thunb.)  Matsumura  &  Nakai),  C.  colocynthis  L.,  C. 
ecirrhosus  Cong,  and  C.  naudinianus  (Sond.)  Hook.  The  species  classification  of 
Citrullus  and  their  relationship  have  been  studied  in  relation  to  cucurbitacin  content 
(bitter  principle)  by  South  African  investigators.  They  were  of  the  opinion  that 
there  is  one  group  of  closely  related  species,  viz.  C. vulgaris,  C.  colocynthis ,  and  G 
ecirrhosus  which  cucurbitacin  E  as  the  main  bitter  susbstance  and  the  other  group 
of  isolated  species,  viz.  C  naudinianus  with  cucurbitacin  B  together  with  E  and 
their  derivatives.  From  the  results  of  morphological  and  cytogenetic  studies,  it  is 
observed  that  all  these  four  species  were  cross  compatible  with  each  other  and 
several  factors  like  geographical  isolation,  differences  in  flowering  habit,  genic 
differences  and  structural  changes  in  chromosomes  would  have  contributed  to  the 
maintenance  of  their  identity. 

Pangalo  (1930)  and  Goldhausen  (1938)  reported  that  bitter  and  non-bitter  wild 
races  of  Vulgaris  should  be  distinguished  and  treated  as  G  edullis  and  G 
colocynthoides.  Vulgaris  or  cultivated  watermelons  can  be  divided  into  vars.  lanatus 
and  citroides,  the  latter  comprising  the  citron  or  preserving  melon,  producing  fruits 
with  hard  inedible  flesh  and  greenish  or  tan  seeds.  Whitaker  (1933)  considered  C 
colocynthoides  as  probable  ancester  of  watermelon.  Morphologically  the  colocynth, 
which  is  found  in  India  and  used  in  Ayurvedic  medicine,  has  similar  characters 
with  vulgaris,  but  fruits  are  bitter  and  seeds  are  small.  But  African  investigations 
considered  bitter  forms  C  vulgaris  as  the  ancestor  of  cultivated  watermelons. 
Further,  this  view  was  supported  on  the  basis  of  the  same  chromosome  number, 
free  crossability  and  their  cohabitation  throughout  Africa  and  Asia.  The  citron  or 
preserving  melon  (var.  citroides  of  Bailey)  can  be  considered  as  intermediate  stage 
between  primitive  bitter  and  cultivated  sweet  forms. 

It  is  pertinent  to  mention  here  about  the  relationship  of  tinda  or  Indian  squash 
or  round  melon  with  watermelon.  This  is  primarily  an  Indian  vegetable  crop  with 
very  limited  cultivation  in  North  and  North-eastern  regions.  This  was  originally 
thought  to  be  a  subspecies  of  watermelon  as  C  vulgaris  var.  fistulosus  (Stock)  Chakra. 
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and  later  raised  to  an  independent  species  as  fistulosus  stocks.  The  relationship 
with  watermelon  has  been  conclusively  disproved  by  cytological  studies  nor  is  it 
related  to  muskmelon  in  spite  of  the  same  chromosome  number.  It  was 
recommended  that  it  be  taken  out  of  the  genus  Citrullus  since  it  is  not  at  all  found 
in  Africa  (Shimotsuma,  1963).  The  Russian  botanist  Pangalo  (1944)  has  raised  this 
taxon  to  a  new  independent  genus  Praecitrullus  much  earlier.  The  present  accepted 
botanical  name  is  Praecitrulus  fistulosus  Pang.  Genetic  diversity  of  this  crop  is  rather 
limited  suggesting  its  partial  or  recent  domestication. 

Breeding  methods 

In  India  main  objectives  of  watermelon  breeeding  are  to  develop  an  early  variety 
and  high  yield  which  is  giving  round  fruits,  more  sweet  fruits  (high  TSS),  uniform 
pink  flesh,  high  proportion  of  edible  flesh,  less  seeds  and  resistance  to  abiotic  and 

biotic  stresses. 

Several  cultivars  and  Fj  hybrids  have  been  developed  in  watermelon  in  India 
(see  varietal  improvement).  These  varieties  are  developed  by  following  several 
breeding  methods  such  as  introduction,  selection,  hybridi2ation,  heterosis  breeding, 
modified  backcross  method,  polyploidy  breeding  and  resistance  breeding. 

Introduction 

Some  varieties  were  introduced  from  USA  and  Japanese  in  our  country  and 
those  found  promising  under  Indian  conditions  were  recommended  for  commercial 
cultivation.  These  include.  Asahi  Yamato  from  Japan;  and  Sugar  Baby  and  Shipper 
from  USA. 

Selection 

Varieties  Special  No.  1,  Durgapura  Meetha  and  Durgapura  Kesar  are  developed 
through  selection. 

Hybridization 

By  employing  hybridization  followed  by  modified  backcross  method  a  variety 
Arka  Mamk  (from  a  cross  IIHR  21  x  Crimson  Sweet  from  USA)  has  been  developed 
by  IIHR,  Bangalore. 

Heterosis  breeding 

Being  a  dessert  fruit,  increased  yield  alone  will  not  be  the  main  breeding  objective 
and  fruit  quality  is  equally  important.  In  fruit  quality,  besides  sweetness  (TSS), 
edible  fresh  proportion  is  also  important  since  fruits  of  many  local  collections  of 
watermelon  have  large  proportions  of  white  and  less  sweet  flesh. 

IHR  6  x  Charleston  Gray,  IHR  20  x  Crimson  Sweet,  and  Sugar  Baby  x  Crimson 
Sweet  were  found  to  be  promising  hybrids  that  recorded  more  than  50%  heterosis 
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for  yield,  excelled  over  all  other  hybrids  and  parents  in  fruit  quality,  and  were  very 
sweet  under  Bangalore  conditions.  The  Arka  Jyoti  (Fj)  released  by  IIHR,  Bangalore 
in  1973  is  a  cross  between  variety  (IIHR  20)  and  American  variety  (Crimson  Sweet). 

Besides  an  extensive  research  work  is  conducted  on  heterosis  breeding  in  India 
which  led  to  identify  some  promising  Fj  hybrids  such  as  Shipper  x  Stripped 
Klondike  for  yield  and  fruit  number  and  Sugar  Baby  X  Veroma  for  earliness  and 
high  TSS  and  Shipper  X  Durgapura  Meetha  from  PAU,  Ludhiana;  Pusa  Rasal  X 
Asahi  Yamato,  Sugar  Baby  x  Pusa  Rasal,  Russian  X  Shakkarchim,  Asahi  Yamato  X 
Russian,  and  Sugar  Baby  x  Asahi  Yamato  from  Indian  Agricultural  Research 
Institute,  New  Delhi;  and  Sugarbaby  x  Tirupati  Local  1,  Sugar  Baby  x  Tirupati 
Local-4,  Asahi  Yamato  x  Durgapura  Meetha,  Durgapura  Meetha  X  Arka  Mamk 
and  Durgapura  Meetha  x  Tirupati  Local  1,  were  found  to  be  heterotic  for  yield 
and  quality  from  Hyderabad. 

Polyploidy  breeding 

Polyploids  were  produced  by  treating  seedlings  at  the  cotyledon  stage  with  an 
emulsion  of  0.2%  colchicine,  stearic  acid,  morpholine  and  lanoline.  Seed  fertility 
in  tetraploid  plants  was  gready  reduced  and  triploid  seeds  germinated  only  when 
the  seed  coat  was  partiy  removed.  Fruits  produced  on  triploid  plants  had  seeds 
devoid  of  embryos. 

At  Indian  Agricultural  Research  Institute,  New  Delhi  a  seedless  watermelon, 
namely  Pusa  Bedana  (a  F|  between  Tetra  2  (tetraploid)  x  Pusa  Rasal)  has  been 
produced.  The  fruits  are  medium  green  in  colour,  weighing  3-4kg.  The  fruits  are 
seedless. 

Resistance  breeding 

The  cultivar  Arka  Manik  carries  high  resistance  to  powdery  mildew  and  moderate 
resistance  to  anthracnose.  High  degree  of  resistance  to  red  pumpkin  beetle  has 
been  reported  in  the  lines  SI.  120,  S.  No.  98,  and  Afghan. 

Varieties 

Asahi  Yamato :  It  is  a  mid-season  Japanese  introduction,  producing  medium 
sized  fruits  averaging  6— 8kg.  The  rind  colour  is  light-green  with  deep-pink  flesh 
(TSS  11-13%).  The  fruits  ripen  in  95  days.  Released  by  Indian  Agricultural  Research 
Institute,  New  Delhi. 

Sugar  Baby:  An  early  season  American  introduction.  The  fruit  is  slightly  small 
in  size,  weighing  3— 5kg,  round  in  shape  having  bluish-black  rind  and  deep-pink 
flesh  (TSS  11-13%)  and  small  seeds.  The  fruits  ripen  in  85  days.  Released  by  Indian 
Agricultural  Research  Institute,  New  Delhi. 

Arka  Jyoti:  A  mid-season  Fj  hybrid  (IHR-20  x.  Crimson  Sweet)  with  round 
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fruits  weighing  6-8kg.  The  rind  colour  is  light-green  with  dark-green  stripes  and 
flesh  colour  crimson  (TSS  11-13%).  Excellent  texture,  very  sweet  with  excellent 
flavour.  Average  yield  48  tonnes/ha.  Released  by  Indian  Institute  of  Horticultural 
Research,  Bangalore. 

Pusa  Bedana:  It  is  a  seedless  watermelon  developed  at  Indian  Agricultural 
Research  Institute,  New  Delhi  by  crossing  Tetra  2  (tetraploid)  x  Pusa  Rasal.  The 
fruits  are  seedless  3-4  fruits/vine.  Fruits  are  medium  green  in  colour. 

Arka  Manik:  Evolved  by  crossing  a  local  selection  IHR  21  from  Rajasthan  and 
Crimson  sweet  from  USA  followed  by  modified  backcross  method.  A  cultivar 
resistant  to  powdery  mildew,  downy  mildew  and  tolerant  to  anthracnose.  The  fruits 
are  round  to  oval  with  green  rind  and  dull-green  stripes.  The  flesh  is  deep-red, 
very  sweet  (12-13%  TSS)  few  small  seeds.  The  average  fruit  weight  is  6kg.  It  stands 
well  in  transport  and  storage.  Released  by  Indian  Institute  of  Horticultural  Research, 
Bangalore.  Yields  41  tonnes/ha  of  fruits  in  100-110  days. 

Improved  Shipper:  An  introduction  from  USA,  a  big  sized  watermelon  weighing 
8-9kg.  The  fruit  is  dark-green  with  moderate  sweetness  (8-9%  TSS).  Released  by 
Punjab  Agricultural  University,  Ludhiana. 

Special  No.  1:  Fruits  are  round  and  small  with  red  flesh  and  red  seeds.  It  is  early 
in  maturity.  The  average  TSS  is  slightly  lower  than  Shipper.  Released  by  Punjab 
Agricultural  University,  Ludhiana. 

Durgapura  Meetha:  A  late  cultivar  maturing  in  125  days.  Well  spread  vines. 
Fruits  round  with  light-green.  Rind  is  thick  with  good  keeping  quality,  flesh  sweet, 
TSS  around  11%  with  dark-red  colour,  average  fruit  weight  6— 8kg,  seed  with  black 
tip  and  margin.  Picking  starts  in  110-120  days.  Yield  40-45  tonnes/ha.  Released 
by  Agricultural  Research  Station,  Durgapura,  Rajasthan. 

Durgapura  Kesar:  It  is  a  late  cultivar,  fruit  weight  4-5kg.  Skin  green  with  stripes, 
flesh  yellow  in  colour,  moderately  sweet,  seeds  large.  Released  by  Agricultural 
Research  Station,  Durgapura,  Rajasthan. 

There  are  several  cultivars,  locally  grown  which  are  named  after  the  region  in 
which  they  are  grown,  such  as  Farrukhabadi,  Moradabadi  of  Uttar  Pradesh.  Most 
of  them  have  fruits  with  dark-green  colour  or  pale-green  with  black  stripes,  oblong 
to  round  shape  weighing  8-1 0kg  with  thick  nnd.  The  flesh  colour  could  be  variable 
from  pale-pink  to  pink  with  big  flat  black  to  brown  seeds.  In  Rajasthan,  Mateera 
cultivar  is  grown  in  rainy  season  around  Bikaner.  There  is  local  cultivar  of  Jamuna 
river-bed  called  Katagolan  whose  flesh  is  not  sweet  but  it  keeps  well  for  over  2-3 
months  at  ambient  temperature  during  July-September.  The  flesh  becomes  dry 
and  fibrous  instead  of  fermentation  and  rotting. 


Climate  and  soil 

Watermelon  is  essentially  a  warm  season  crop  grown  mainly  in  tropical  and 
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sub-tropical  regions.  Generally  a  long  period  of  warm,  preferally  dry  weather  with 
abundant  sunshine  is  required.  They  are  very  susceptible  to  frost.  Excess  humidity 
will  promote  diseases  like  powdery  mildew,  downy  mildew,  anthracnose  and  virus 
diseases  and  pests  such  as-  fruit  fly.  For  good  fruit  quality  and  sweetness  in 
watermelon,  dry  weather  during  the  fruit  development  is  necessary.  Melons  require 
tropical  climate  and  fairly  high  temperatures  of  35°-40°C  during  the  fruit 
development.  Cool  nights  and  warm  days  are  ideal  for  accumulation  of  sugars  in 
the  fruits.  Maturity  is  hastened  if  nights  are  warm. 

The  average  temperature  for  growth  would  be  around  30°-35°C  with  maximum 
ranging  around  40°C  and  minimum  between  20°-25°C  for  watermelon.  Most  of 
the  cucurbits  germinate  well  when  the  day  temperature  is  above  25°C.  Soil- 
temperature  is  a  determinant  factor  for  quick  germination,  early  maturity,  and 
production.  The  maximum  and  optimum  temperatures  are  25°C  and  18°-25°C, 
respectively. 

A  well  drained  loamy  soil  is  preferred  for  all  the  cucurbits  including  muskmelon, 
cucumber  and  watermelon.  Lighter  soils  that  warm  quickly  in  spring  are  usually 
used  for  early  yields.  In  heavier  soils  vine  growth  will  be  high  and  fruits  mature 
late.  In  sandy  river-beds,  alluvial  substrata  and  subterranean  moisture  of  river  streams 
support  cucurbits.  In  fact,  long  tap  root  system  is  adapted  to  the  growth  of  cucurbits 
in  riverbeds.  The  soils  should  not  crack  in  summer  and  should  not  be  water-logged 
in  rainy  season.  Watermelon  prefers  a  soil  pH  of  6. 0-7.0.  Watermelon  is  slightly 
more  tolerant  to  medium  salt  concentration  with  ECe  (ECe  x  1,000)  ranging  from 
10-4.  As  mentioned  earlier  soil-temperature  should  not  go  below  10°C  otherwise 
there  would  not  be  any  seed  germination.  Soil-moisture  is  also  important  for  rapid 
growth.  Similarly  soil-moisture  should  be  10-15%  above  the  permanent  wilting 
point. 

Season 

General  information  regarding  the  season  of  growing  watermelon  is  explained 
under  muskmelon.  However,  in  the  northern  plains  watermelon  is  sown  at  mid- 
February  in  the  garden  lands.  It  is  sown  from  November-January  when  it  is  taken 
in  the  river  beds. 

In  North-West  Rajasthan,  a  rainy  season  crop  of  a  local  watermelon  variety 
Mateera  is  planted  because  of  absence  of  heavy  rainfall  during  August-September. 
Sowing  of  Sugar  Baby  cultivar  of  watermelon  from  December  20-January  20  under 
Maharashtra  conditions  gives  the  highest  yield. 

Cropping  system 

In  garden  land  areas,  in  contrast  to  riverbeds,  there  is  a  definite  system  of  growing 
watermelon  in  rotation  and  mixed  cropping.  In  riverbeds  watermelon  is  grown 
usually  as  mix  cropping.  In  rotation,  in  some  districts  of  Circars  of  Andhra  Pradesh,  _ 
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watermelons  are  usually  grown  after  rice  from  December-April.  Watermelon  is 
sown  in  relay  system  just  before  digging  of  potatoes  in  late  January  or  early  February 
in  North  India. 

Preparation  of  field 

The  land  should  be  thoroughly  prepared  in  order  to  get  fine  tilth  for  seed  bed. 
Details  of  making  furrows,  raised  bed,  trenches,  mounds,  pits  made  for  sowing  of 
the  seeds  are  described  under  seed  and  sowing. 

Seed  and  sowing 

Watermelon  is  a  seed  propagated  crop  and  in  situ  sowing  is  practiced.  In  some 
cases  where  early  crop  is  desired  seeds  can  be  sown  in  alkathene  bags  (10  x  15cm) 
of  100-200  guage  and  are  germinated  under  cover  to  protect  them  from  low 
temperature  and  then  could  be  transplanted  at  2-true-leaf  stage.  The  details  of  this 
method  are  described  under  muskmelon.  The  recommended  seed  rate  for 
watermelon  is  3.5-5.0kg/ha.  For  Indian  squash  ( tinda )  the  seed  rate  is  also  3.5- 
5.0kg/ha. 

Various  systems  of  sowing  are  followed,  such  as  furrow,  bed,  pit  (deep  or  shallow), 
and  mounds.  In  case  of  furrow  sowing  the  furrows  are  made  at  3-4m.  Sowing  is 
usually  done  at  the  top  of  the  sides  of  furrows  and  the  vines  are  allowed  to  trail  the 
ground,  especially  in  summer.  This  method  of  sowing  is  very  useful  in  summer 
season  for  economic  use  of  irrigation  water.  The  hills  in  which  seed  sowing  is  done 
are  spaced  at  0.50-0.75m,  with  4-5-6  seeds  in  a  hill  and  two  vines  finally  retained 
in  each  hill.  The  other  methods  of  sowing,  i.e.  bed,  pits,  mounds,  trenches,  etc.  are 
described  under  muskmelon. 

Spacing 

The  spacing  required  for  sowing  depends  upon  the  crop  and  variety  grown.  A 
distance  of  2.5-3. 5m  between  the  rows  and  90-120cm  between  the  hills  in  a  row  is 
advocated.  In  trials  at  Hisar  with  watermelon  variety  Sugar  Baby,  pruning  to  leave 
3-4  main  shoots  per  plant  and  spacing  the  plants  at  30cm,  gave  the  best  yield  but 
it  slightly  delayed  ripening.  Based  on  the  research  conducted  at  NDUAT,  Faizabad, 
AICVIP  recommended  spacing  of  30  x  60cm  for  Sugar  Baby  variety  of  watermelon 
for  Zone  IV. 

Seed  and  soil  treatment 

The  seeds  of  watermelon  should  be  soaked  in  water  overnight  and  then  should 
be  kept  in  moist  cloth  or  gunny  bag  near  a  warm  place  before  planting.  Germination 
would  start  within  three  to  four  days.  Soaking  of  seeds  in  ethephon  at  480mg/litre 
for  24hr  improves  germination  in  watermelon  at  low  temperature.  Seed  dressing 
with  Thirum  controlled  fungi  effectively  and  also  enhanced  seed  germination. 
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Training  and  pruning 

Yield  and  fruit  quality  are  improved  with  pruning  in  watermelon.  Retaining  3- 
4  main  shoots  per  plant  on  Sugar  Baby  variety  of  watermelon  and  keeping  30cm 
spacing  between  two  hills  give  highest  yield  under  Hisar  conditions. 

Nutrient  requirement  and  management 

Watermelon  responds  well  to  manuring.  In  Punjab,  50kg  N,  25kg  P2O5,  and 
25kg  KiO  have  been  recommended  to  achieve  for  optimum  yields  in  watermelon. 

There  are  a  few  more  reports  on  fertilizer  requirements  in  watermelon.  The 
fertilizer  doses  of  75-100kg  N  and  K2O  and  30kg  P 205/ha  for  cv.  Sugar  Baby 
under  Dapoli  (Maharashtra)  conditions;  70kg  N  and  P2O5  and  50  kg  K20/ha  for 
Asahi  Yamato  under  western  Maharashtra  conditions  and  40kg  N  under  Hisar 
(Haryana)  conditions  are  recommended  to  obtain  high  yield  and  better  fruit  quality. 
Increasing  N  application  up  to  120kg/ha  significantly  increases  the  dry-matter 
(54%),  fruit  yield  (32%),  mineral  uptake  (51%)  and  field  water-use  efficiency  (32%) 
under  Bangalore  conditions. 

Based  on  the  research  conducted  at  NDUAT,  Faizabad,  AICVIP  recommended 
the  spacing  320  x  120cm  between  rows  and  plants  and  fertilizers  @  of 
100  :  60  :  60kg  NPK/ha  for  cv.  Sugar  Baby  for  zone  IV. 

Management  of  irrigation  water 

Frequent  irrigation  is  very  important  in  spring-summer  crop,  while  in  rainy 
season  crop,  irrigation  may  not  be  necessary  at  all  if  rainfall  is  well  distributed 
between  July-September.  Other  aspects  of  irrigation  requirement  are  discussed 
under  muskmelon. 

Under  Bangalore  conditions  irrigating  the  watermelon  crop,  when  the  soil  matnc 
potential  at  15cm  depth  reaches  -25  kPa,  results  in  highest  dry-matter,  fruit  yield 
and  mineral  uptake.  Field-water-use  efficiency  increases  by  15%  with  decreasing 
irrigation  frequency.  A  stress  of  -75  kPa  imposed  during  the  pre-flowering, 
flowering,  or  fruit  development  stages  significantly  reduces  the  dry-matter,  fruit 
yield  and  mineral  uptake  compared  to  -25  kPa. 

In  loamy  sand  (85%  sand  content)  soil,  drip-irrigation  was  more  beneficial  than 
furrow  irrigation  in  watermelon.  Pitcher  irrigation  is  also  found  to  be  an  efficient 
means  of  watering  in  watermelon. 

Management  of  weeds 

For  successful  growing  of  watermelon,  no  intense  interculture  is  required.  During 
the  early  stage  of  crops,  beds,  ridges,  etc.  needs  to  be  kept  free  from  weeds.  At  the 
time  of  top  dressing  with  nitrogenous  fertilizers,  weeding  and  earthing  up  are 
done.  When  vines  start  spreading,  weeding  in  between  the  rows  or  ridges  become 
unnecessary.  Most  of  the  pre-  and  post-emergence  weedicides  are  phytotoxic  to 
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the  seedlings  or  reduce  plant  growth  in  watermelon.  As  recommended  in  case  of 
muskmelon  Fluchloralin  at  1.20kg  a.i./ha  (pre-plant),  Fluchloralin  0.48kg  +  Nitrofen 
at  0.50kg  a.i./ha  (pre-emergence)  could  be  applied  to  control  the  weeds  of 
watermelon. 

Use  of  plant  growth  regulators 

In  watermelon  to  increase  the  fruiting  and  the  fruit  yield  exogenous  application 
of  chemicals  such  as  TIBA  (25-250ppm),  boron  (3-4ppm),  molybdenum  (3-4ppm) 
and  calcium  (20-25ppm)  is  recommended.  These  chemicals/plant  growth  regulators 
must  be  applied  at  2-true-leaf  stage.  Repeat  the  spray  at  4-true-leaf  stage. 

Harvesting  and  yield 

In  watermelon  where  fruits  have  to  be  picked  at  foil  maturity  stage,  ready  to  be 
consumed  as  dessert  fruit,  usually  takes  40-45  days  from  anthesis  to  harvesting. 
The  seed  maturity  and  edible  maturity  coincide  each  other.  In  Indian  squash  melon, 
fruits  reach  optimum  edible  maturity  stage  within  a  week  or  slightly  later.  The 
seeds  are  soft  and  edible.  The  seed  maturity  in  Indian  squash  melon  much  later  ' 
than  the  edible  stage.  Average  yield  of  watermelon  is  30-40  tonnes/ha. 

Maturity  standards 

In  watermelon,  maturity  is  judged  by  taking  into  consideration  several  factors: 

(i)  dull  sound  when  the  fruit  is  thumped,  in  contrast  to  metallic  sound,  (ii)  withering 
of  tendril  at  the  fruit  axil,  (iii)  ground  spot  (where  the  fruit  touches  the  ground) 
turning  yellow,  (iv)  the  rind  of  the  ripe  melon  yields  to  pressure.  Cumulatively  all 
these  criteria  will  help  to  judge  the  fruit  for  picking.  The  major  point  in  watermelon 
is  the  ability  of  the  fruit  to  withstand  transport,  especially  without  cracking  or 
bursting.  In  most  of  the  native  Indian  cultivars,  thicker  slun  helps  in  this  respect, 
but  tough  skin,  even  though  thinner  will  contribute  to  better  transportability. 
Cylindrical  or  oblong-shape  like  that  of  Charleston  Gray  is  suitable  for  transportation 
in  trucks.  Most  of  the  cultivars  have  deep-pink  or  pink  or  pale-pink  flesh  colour 
with  slightly  reddish-tinge,  containing  largely  lycopene  and  anthocyanm  pigments. 

The  colour  of  the  flesh  has  no  relationship  to  the  degree  of  sweetness,  even  pale- 
pink  flesh  can  be  sweeter  than  deep-pink  flesh  in  some  cultivars.  The  average 
sweetness  will  record  around  9-10%  TSS.  Uniform  development  of  pink  colour 
from  centre  to  nnd  is  necessary,  More  often  in  Indian  cultivars,  ‘white  heart’  seen 
at  the  central  portion,  shows  poor  quality.  Similarly,  hollow  heart  and  fibrous  flesh 
signify  over  maturity. 

Post-harvest  management 

Similar  to  muskmelon,  watermelon  is  also  not  processed  commercially. 
Nevertheless  tinda  (Indian  squash)  is  canned  to  meet  the  demand  of  defence  forces. 
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Marketing  and  storage 

Especially  in  rainy  season  crops  or  crops  damaged  by  summer  rains,  fly  attacked 
fruits  would  be  considerable  which  will  have  to  be  culled  out  before  sending  to 
market.  Anthracnose  affected  fruits  of  watermelon  are  of  poor  quality.  The  other 
consideration  in  harvesting  of  cucurbits  is  the  distance  of  the  markets.  Most  of  the 
cucurbits  do  not  stand  long  transportation.  In  fact,  Indian  squash  or  round  melon 
( tinda )  got  to  be  sold  out  in  nearby  urban  markets.  Watermelons  from  Uttar  Pradesh 
and  Andhra  Pradesh  are  transported  to  Calcutta  markets. 

Most  of  the  smaller  fruit  kinds  like  Indian  squash  or  round  melon  are  packed  in 
baskets  and  transported.  Watermelons  are  transported  in  trucks  without  any 
individual  packing  and  are  liable  to  bruises  and  damage  during  transit.  The  river¬ 
bed  farmers  sell  their  produce  to  transport  contractors  and  ahrtiyas  or  mandi  agents 
who  advance  funds  to  them  for  cultivation.  Being  highly  perishable,  marketing  of 
cucurbits  involves  risks  and  losses  and  hence  cultivation  of  these  vegetables  are 
more  concentrated  around  metropolitan  cities.  Some  far  flung  river  bed  growing 
supply  watermelon  to  the  distant  markets. 

Watermelons  require  careful  handling  as  they  are  easily  damaged  and  they  cannot 
be  stored  more  than  2-3  weeks. 


Bottle  gourd 

[Lagenaria  siceraria  (Mol.)  Standi.] 

T  A  More  and  K  G  Shinde 


Area  and  production 

It  is  commercially  grown  in  a  few  states.  The  exact  figures  on  area  and  production 
are  not  known.  However,  it  has  some  share  in  gourd  cucurbitaceous  vegetables. 
The  gourd  vegetables  are  grown  on  4.05  lakh  hectares. 

Economic  importance  and  use 

Botde  gourd  [Lagenaria  siceraria  (Mol.)  Standi.]  is  a  commonly  grown  vegetable 
in  India.  It  is  also  commonly  grown  in  Ethiopia,  Africa,  central  America  and  other 
warmer  regions  of  the  world.  The  fruits  of  bottle  gourd  can  be  used  as  a  vegetable 
or  for  making  sweets  (e.g.  halva,  kheer,  pedha  and  burfi)  and  pickles.  As  a  vegetable 
it  is  easily  digestible,  even  by  patients.  A  decoction  made  from  the  leaf  is  a  very 
good  medicine  for  curing  jaundice.  The  fruit  has  a  cooling  effect,  it  is  a  cardiatonic 
and  diuretic.  The  pulp  is  good  for  overcoming  constipation,  cough,  nightblindness, 
and  as  an  antidote  against  certain  poisons.  The  plant  extract  is  used  as  a  cathartic 
and  the  seeds  are  used  in  dropsy. 

The  fruits  are  variable  in  shape  and  size.  They  are  15-1 00cm  long  and  light- 


271 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


greenish  in  colour.  While  the  tender  fruits  are  widely  used  as  a  vegetable,  the  dry 
hard  shells  of  the  fruits  have  been  used  for  making  a  wide  range  of  articles  of 
common  use,  including  bowls,  bottles,  ladles,  containers,  floats  for  fishing  nets, 
pipes  and  musical  instruments.  In  addition,  the  seeds  and  seed  oil  are  edible.  Bottle 
gourd  is  suitable  for  cultivation  in  dry  areas. 

Fruit  may  be  long,  oblong  or  round  depending  upon  the  variety.  Immature 
fruits  are  consumed  in  a  number  of  ways.  Kofta  is  most  popular  preparation.  The 
fruits  contain  0.2%  protein,  2.9%  carbohydrates,  0.5%  fat  and  llmg  of  vitamin  C 
per  100g  fresh  weight.  It  is  good  for  people  suffering  from  biliousness  and 
indigestion. 

Export  potential 

India  is  on  important  supplier  of  fresh  vegetables  to  South-East  Asia  and  Gulf 
countries.  Bottle  gourd  has  great  export  potential.  The  fruits  exported  should  be 
light-green  to  dark-green  colour  having  length  of  30-40cm  and  should  be  straight. 
They  should  have  good  packing  ability  in  carton  boxes.  The  varieties  Pusa  Summer, 
Prolific  Long,  Pusa  Hybrid  3  and  Samrat  have  good  export  potential.  Research  is 
needed  to  survey  other  countries  for  their  requirement  and  production  of  such 
marketable  produce  to  the  consumers  according  to  their  liking  to  meet  their 
requirement. 


CROP  IMPROVEMENT 

Cucurbitaceous  vegetables  form  a  distinct  group  among  the  cross-pollinated 
vegetable  crops,  in  respect  of  methods  of  improvement.  Besides  the  wide  ranging 
sex  forms  and  sex  expression,  which  favour  outbreeding,  they  are  not  completely 
cross-pollinated  and  natural  self-pollination  does  take  place  even  though  in  a  lesser 
degree.  Another  characteristic  of  this  group  of  crops  is  that  they  do  not  suffer 
much  from  inbreeding  depression  or  do  so  only  negligibly,  in  contrast  to  other 
cross  pollinated  crops.  This  phenomenon  allows  breeding  cultivars  through  pure 
line  of  single  plant  selection.  For  better  improvement  of  bottle  gourd  the  breeding 
goals  are  high  yield,  greater  fruit  number,  greater  fruit  weight,  earliness,  high 
femaleimale  flower  ratio,  round,  long  cylindrical  fruits,  sparse  hairs  persisting  on 
skin,  non-tibrous  flesh  at  edible  stage,  non-bitter  fruits,  attractive  green  fruits,  and 
resistance  to  diseases  and  pests. 

Origin,  distribution  and  taxonomy 

Bottle  gourd  has  been  found  in  wild  form  in  South  Africa  and  India.  However, 
it  is  probably  indigenous  to  tropical  Africa  on  the  basis  of  variability  in  seeds  and 
fruits.  This  species  appears  to  have  been  domesticated  independently  in  Asia,  Africa, 
and  New  world. 
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Bottle  gourd  has  been  credited  with  a  wide  bihemispheric  distribution. 
Schweinfurth  has  identified  remains  of  L.  siceraria  from  Egyptian  tombs  dated 
about  3000-3500  BC.  Similarly,  bottle  gourd  remains  have  been  identified  in  spirit 
caves  of  Thailand,  Mexico,  Peru  and  China.  Archaeological  evidence  estimates  a 
time  depth  of  at  least  12,000  years  for  Lagenaria  remains,  both  in  new  and  old 
world.  A  theory  of  trans-oceanic  diffusion  or  drift  of  bottle  gourd  has  been 
suggested  to  explain  pre-columbian  distribution  in  tropical  America.  Bottle  gourd 
was  indigenous  to  tropical  Africa  and  has  diffused  by  trans-oceanic  drift  or  human 
transport. 

It  belongs  to  the  subtribe  Benincasinae  (Ser.)  C.  Jeffr.,  tribe  Benincaseae  Ser., 
subfamily  Cucurbitoidae.  The  genus  includes  six  species  having  pantropical 
distribution  in  Africa,  Madagascar,  Indo-Malaysia,  and  the  neotropics.  Of  these, 
one  is  cultivated  and  is  annual  and  monoecious,  and  five  are  wild  and  are  perennial 
and  dioecious  in  nature.  The  wild  species  occur  only  in  east  Africa  and  Madagascar. 

Lagenaria  siceraria  (Mol.)  Standi.,  (synonym :  L.  vulgaris  Ser.  L.  leucantha  (Duch.) 
Rusby)  family  Cucurbitaceae,  chromosome  number  (2n=22),  (bottle  gourd,  calabash, 
white  flowered,  zucca  melon)  has  been  independently  domesticated  in  the  old  and 
new  world.  Though  hybridization  with  at  least  one  perennial  wild  species  L.  sphaerica 
(Sond.)  Naud.  is  known,  the  hybrid  is  sterile  and  possibility  of  transfer  of  desirable 
traits  to  cultivated  species  requires  investigation. 

Breeding  methods 

Inbreeding  in  land  races  followed  by  individual  plant  selection  has  been  found 
an  effective  method  of  breeding  to  develop  pure  line  cultivars  of  cucurbits  including 
bottle  gourd.Some  examples  of  released  varieties  through  selection  are  Pusa 
Summer  Prolific  Long,  Pusa  Summer  Prolific  Round,  Pusa  Naveen,  Punjab  Komal, 
Arka  Bahar,  Kalyanpur  Long  Green  and  Samrat.  In  view  of  reported  heterosis  by 
some  authors  and  the  fact  that  cylindrical  fruit  shape  could  be  easily  obtained  by 
crossing  long  and  round  fruited  varieties,  heterosis  breeding  has  also  been  followed. 
Some  bottle  gourd  hybrids — Pusa  Meghdoot  (long)  and  Pusa  Manjari  were  released, 
long  back  in  1971,  by  Indian  Agricultural  Research  Institute,  New  Delhi.  These 
hybrids  have  potential  to  increase  the  yield  by  75-106%  over  their  respective  better 
parent.  Additionally,  recently  a  third  Ft  hybrid,  namely  Pusa  Hybrid  3  has  been 
released  by  the  Indian  Agricultural  Research  Institute,  New  Delhi. 

Varieties 

Pusa  Summer  Prolific  Long:  This  was  developed  at  Indian  Agricultural  Research 
Institute,  New  Delhi,  through  selection  from  local  germplasm,  suitable  for  growing 
as  summer  crop,  although  it  can  be  grown  in  rainy  season  also.  Fruits  are  40-50cm 
long  and  20-25cm  in  girth. 
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Pusa  Summer  Prolific  Round:  This  was  developed  through  selection  from  local 
germplasm  at  Indian  Agricultural  Research  Institute,  New  Delhi.  It  has  vigorous 
growth,  round  fruits  of  15-1 8cm  girth.  It  is  prolific  bearer  and  heavy  yielder. 

Pusa  Meghdoot:  This  is  an  F]  hybrid  between  Pusa  Summer  Prolific  Long  and 
Sel.  2  developed  and  released  by  Indian  Agricultural  Research  Institute,  New  Delhi 
in  1971.  Fruits  are  long,  light-green  and  attractive.  It  is  relatively  early  and  suitable 
for  cultivation  in  spring-summer  season.  Considerably  high  yielder  than  Pusa 
Summer  Prolific  Long. 

Pusa  Manjari:  This  is  a  round  fruited  F]  hybrid  (Pusa  Summer  Prolific  Round 
and  Sel.  11)  developed  and  released  at  Indian  Agricultural  Research  Institute,  New 
Delhi  in  1971.  It  has  given  48%  higher  early  yield  and  106%  total  yield  over  Pusa 
Summer  Prolific  Round. 

Pusa  Naveen:  This  is  a  recent  release  of  Indian  Agricultural  Research  Institute, 
New  Delhi.  It  is  high  yielding  (30  tonnes/ha)  and  takes  about  60  days  for  first 
harvesting.  Fruits  are  perfectly  cylindrical  and  straight  without  any  crook-neck  or 
curve.  Average  fruit  weight  is  850g. 

Punjab  Komal:  It  is  an  early  maturing,  medium  sized,  oblong  fruited  variety 
developed  and  released  by  Punjab  Agricultural  University,  Ludhiana.  Marketable 
fruits  are  available  in  about  70  days  after  sowing.  The  fruits  are  light-green  with 
pubescence.  There  are  10-12  fruits  per  vine.  The  fruits  are  tender  and  borne  on 
medium  long,  thin  pedicels  on  4-5th  node  onwards.  It  is  tolerant  to  cucumber 
mosaic  virus.  The  yield  potential  is  40  tonnes/ha. 

Arka  Babar:  This  was  developed  and  released  by  Indian  Institute  of  Horticultural 
Research,  Bangalore,  This  is  a  selection  in  local  cultivars  of  Karnataka.  Fruits  are 
straight,  devoid  of  crook-neck,  medium  in  size,  each  weighing  about  1kg.  The  skin 
is  light-green.  The  flesh  is  shining,  tender  with  pleasant  aroma.  The  yield  potential 
is  about  40  tonnes/ha  in  120  days. 

Kalyanpur  Long  Green:  This  variety  was  developed  at  CSAUAT  Vegetable 
Research  Station,  Kalyanpur,  Kanpur.  The  vines  are  vigorous  and  long,  fruits  are 
long  with  tapering  and  somewhat  pointed  blossom  end.  The  yield  potential  is  30 
tonnes /ha  in  120  days. 

Samrat:  This  was  developed  by  selection  from  local  germplasm  from  Dahanu 
District  of  Maharashtra  and  released  during  1992  by  Mahatma  Phule  Krishi 
Vidyapeeth,  Rahuri.  Fruits  are  30-40cm  long  and  perfectly  cylindrical  in  shape, 
fruit  are  green  with  dense  pubescence  and  good  keeping  quality.  It  is  good  for  box 
packing.  Average  yield  40  tonnes/ha.  The  crop  duration  is  180-200  days. 

Pusa  Hybrid  3:  It  has  recently  been  released  by  Indian  Agricultural  Research 
Institute,  New  Delhi  for  commercial  cultivation  in  northern  plains.  Fruits  are 
attractively  green,  long  and  straight  without  any  neck,  weighing  on  an  average  1kg 
each.  The  fruits  are  highly  suitable  for  easy  packaging  in  cardboard  boxes  for 
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distant  marketing.  It  can  successfully  be  grown  both  in  spring-summer  and  kharif 
seasons  in  northern  plains.  It  is  very  early  in  maturity.  On  an  average  it  gives  40- 
45%  higher  yield  than  Pusa  Naveen.  The  average  yield  being  42.5  tonnes/ha  in 
spring  summer  and  47  tonnes /ha  in  kharif. 

Soil  and  climate 

Bottle  gourd  can  be  grown  on  all  types  of  soils,  but  sandy  loam  soils  with  high 
organic  matter  content  are  considered  best.  Soil  should  be  well  drained  and  the 
pH  between  6-7.  It  can  be  raised  successfully  in  riverbeds.  The  soils  should  not 
crack  in  summer  and  should  not  be  water-logged  in  rainy  season.  The  soil 
temperature  for  good  crop  growth  should  be  18°-22°C.  The  soil  should  be  deep 
soil  so  that  is  can  support  the  vine  for  a  longer  period.  Soil-moisture  is  important 
for  rapid  growth  and  it  should  be  at  least  10-15%  above  the  permanent  willing 
point. 

Cucurbits  are  essentially  warm  season  crops  grown  mainly  in  tropical  and  sub 
tropical  regions.  The  bottle  gourd  is  a  typical  tropical  plant  which  requires  a  hot 
and  humid  climate  for  the  best  growth.  The  optimum  temperature  for  growth 
24°-27°C.  It  is  highly  sensitive  to  photoperiod.  High  rainfall  amounts  with 
prolonged  cloudiness  results  in  a  higher  incidence  of  diseases  and  in  turn  drastically 
reduces  the  yield.  Short  days  and  humid  climate  promote  femaleness. 

Season 

The  season  of  growing  is  mainly  determined  by  the  rainfall  and  temperature 
conditions.  Bottle  gourd  is  grown  in  summer  and  rainy  season.  In  summer,  the 
crop  sown  in  December-January  and  in  rainy  season  (June-July).  In  South  and 
central  India,  where  winter  is  neither  severe  nor  long  this  crop  can  be  grown 
almost  though  out  the  year. 

Cropping  systems 

It  garden  land  areas,  in  contrast  to  the  river  beds,  there  are  definite  systems  of 
growing  cucurbits  in  rotation  and  mixed  cropping.  In  eastern  India  bottle  gourd 
and  pumpkin  are  grown  in  rice  follows  after  ‘aman’  paddy.  Usually  cucurbits  are 
sown  in  relay  system  just  before  digging  of  potatoes  in  late  January  or  early  February 
in  North  India  and  crops  like  bottle  gourd  and  pumpkin  derive  residuary  benefit 
of  heavy  fertilizers  applied  to  potato. 

Preparation  of  field 

Various  systems  of  sowing  have  been  adopted  depending  on  the  season,  crop 
and  system  of  cultivation.  In  garden  soils,  furrows  are  made  at  2-3m.  The  sowing 
is  done  on  the  top  of  the  sides  of  furrows  and  the  vines  are  allowed  to  trail  on  the 
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ground.  The  land  should  be  thoroughly  prepared  in  order  to  get  fine  tilth  for  seed 
bed. 

Seed  and  sowing 

Bottle  gourd  is  propagated  through  seeds.  The  seeds  are  large  white  in  colour, 
and  seed  count  is  about  450-500/100g.  The  recommended  seed  rate  is  3-6kg/ha. 
The  seeds  are  sown  directly  in  furrows  or  trenches  or  pits.  Two  seeds  per  hill  are 
sown  in  both  sides  of  furrows.  Finally  good  and  healthy  one  seedling  per  hill 
should  be  kept. 

Spacing 

The  recommended  spacing  is  2-3m  between  two  rows  and  1.0-1. 5m  between 
two  plants.  The  same  spacing  followed  in  river  bed  plantings.  In  Punjab,  spacing  of 
2.5  x  2.0m  is  recommended  for  bottle  gourd.  In  Maharashtra,  bottle  gourd  is 
trained  on  bowers  and  sown  at  3.0  x  1.0m  distance.  In  West  Bengal  and  South 
India  sowing  is  done  in  pits.  Pits  of  90cm  width,  60cm  depth  and  of  convenient 
length  are  dug  and  filled  with  well-rotted  farmyard  manure,  followed  by  top  soil. 

Seed  and  soil  treatment 

Pre-sowing  treatment  of  seeds  with  600ppm  of  succinic  acid  for  12hr  improves 
germination  and  seedling  growth  as  evidenced  by  more  leaves  per  seedlings.  Also 
seed  soaking  in  water  for  12-24hr  improves  seed  germination. 

Training  and  pruning 

In  small  home  gardens,  bottle  gourd  is  trailed  over  thatched  huts  and  walls. 
Various  pruning  methods  failed  to  exert  favorable  effects  on  fruit  yield  of  bottle 
gourd.  In  Maharashtra,  bottle  gourd  is  trained  on  bower  systems.  This  increases 
yield  over  untrained  vines.  The  Samrat  cultivar  of  Bottle  gourd  gives  highest  yield 
potential  of  80  tonnes/ha  on  bower  training  system.  Significantly  higher  yield  and 
less  damage  to  the  fruits  by  soil  touch  was  recorded  in  bower  system  of  training 
under  Rahuri  conditions.  High  productivity  on  bower  system  is  due  to  better  use 
of  sunlight  by  maximum  number  of  leaves  and  higher  number  of  side  branches 
resulting  in  better  assimilation  of  carbohydrates.  A  spacing  of  2.5  x  1.0m  was 
adopted  in  this  experiment. 

After  germination  of  seed  the  vine  is  to  be  trailed  on  bower  with  the  help  of 
jute  string.  The  auxiliary  buds  are  to  be  removed  weekly  till  the  vine  attains  bower 
and  finally  the  top  of  the  vine  is  to  be  pruned  15cm  below  the  bower  allowing  two 
auxiliary  buds  to  grow  which  are  later  on  trailed  on  the  bower.  Two  months  after 
sowing  male  flower  initiate  following  the  female  in  the  sequence  of  5:5  at  the  end 
of  5th  flower  of  female  the  vines  are  again  pruned  allowing  2-3  auxiliary  bud  to 
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grow  on  the  primary  vines.  When  crop  attains  2Vi-3  months  and  stem  of  vine 
becomes  thumb  thickness  the  jute  string  is  to  be  removed  and  the  older  pale  to 
yellow  coloured  leaves  near  the  bottom  of  the  vine  are  to  be  removed  and  destroyed. 

The  method  of  pruning  and  training  developed  at  Mahatma  Phule  Krishi 
Vidyapeeth,  Rahuri  (Maharashtra.)  is  commercially  used  by  the  botde  gourd  growers 
in  Maharashtra. 

Nutritional  requirement  and  management 

Botde  gourd  responds  well  to  manuring  and  fertilizer  application.  The  doses  of 
fertilizers  depend  upon  the  soil  type,  climate  and  system  of  cultivation.  It  is  difficult 
to  be  specific  about  fertilizer  recommendations  because  of  variation  in  soil  types, 
soil  fertility  and  system  of  cultivation.  Nevertheless,  well  rotten  farmyard  manure 
at  the  rate  of  15-20  tonnes/ha  is  applied  to  the  field  at  the  time  of  preparation  of 
land.  This  is  supplemented  by  a  full  dose  of  superphosphate  and  potash;  and  half 
dose  nitrogen  before  sowing  and  remaining  half  dose  of  nitrogen  should  be  applied 
about  a  month  later.  It  is  better  to  complete  all  the  fertilizer  applications  just  before 
the  fruit  set.  It  is  recommended  that  40-60kg  N,  40-60kg  P2O5  and  60-80kg 
K20/ha.  Little  higher  dose  of  N,  i.e.  95kg/ha  is  also  recommended  to  obtain 
higher  yield  of  bottle  gourd  in  another  experiment. 

Management  of  irrigation  water 

In  spring-summer  crop  frequent  irrigation  is  very  essential,  while  in  rainy  season 
crop,  irrigation  may  not  be  necessary  at  all,  if  rain  fall  is  well  distributed  between 
July-September.  The  first  irrigation  may  be  given  after  seed  sowing  in  order  to 
improve  the  seed  germination.  The  crop  requires  frequent  irrigation  as  high  humidity 
is  needed  for  prolific  bearing.  The  rainy  season  is  very  good  for  botde  gourd  crop. 

During  hot  and  warm  weather,  irrigation  after  every  third  or  fourth  day  is  needed 
to  maintain  proper  soil-moisture  level.  Drip  irrigation  has  been  reported  to  yield 
48%  more  fruit  yield  than  furrow  irrigation. 

Management  of  weeds 

The  cucurbits  do  not  require  much  attention  by  way  of  interculture.  In  the  early 
stages  before  they  start  vining,  the  beds,  ridges,  etc.  require  to  be  kept  free  from 
weeds.  Hand  weeding  should  be  done  carefully  so  that  the  root  system  is  not 
damaged.  Two  or  three  weedings  are  necessary  to  keep  the  crop  free  from  weeds. 
Herbicides  can  also  be  used  in  this  crop.  At  Punjab  Agricultural  University,  Ludhiana, 
pre-emergent  application  of  Linuron  0.5kg/ha,  Alachlor  2.5kg/ha,  Dichlormate 
0.4kg/ha,  and  Diuron  1.25kg/ha  was  found  to  be  useful  for  bottle  gourd.  Better 
weed  control  was  obtained  with  Fluchloralin  2.0kg  a.i./ha  and  Alachlor  and 
Butachlor  2.5kg  a.i./ha  in  bottle  gourd  variety  Pusa  Summer  Prolific  Long. 
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Use  of  plant  growth  regulators 

Fruit  set  can  be  increased  by  spraying  the  plants  twice  at  the  2  and  4-true-leaf 
stage  with  Ethrel  (100-150ppm),  Maleic  hydrazide  (400ppm),  Triodobenzoic  acid 
(50ppm),  Boron  (3-4ppm)  and  Calcium  (20ppm).  Yields  can  also  be  increased  by 
maintaining  adequate  soil  fertility  levels,  particularly  when  growing  hybrids.  Maleic 
hydrazide  at  400ppm  along  with  100kg  N/ha  promotes  the  female  flower  production 
and  increases  fruit  set  and  in  turn  the  yield. 

Harvesting  and  yield 

The  crop  is  ready  for  harvest  approximately  60  days  after  seed  sowing,  depending 
upon  the  variety  and  season.  Bottle  gourd  fruits  take  about  12-15  days  after  fruit 
setting  to  reach  the  marketable  stage.  Precautions  should  be  taken  while  cutting 
the  fruits  so  that  neither  vines  nor  the  fruits  are  injured.  Fruit  should  be  picked 
every  3-4  days.  Picking  of  fruits  at  the  right  edible  maturity  stage  depends  upon 
individual  kinds  and  varieties.  Further,  overmature  fruits  would  show  carpel 
separation  in  transverse  section  of  the  fruits.  The  tenderness  and  edible  maturity 
are  judged  by  pressing  the  skin  and  little  pubescence  persisting  on  the  skin.  Seeds 
should  be  soft,  if  examined  in  transverse  section.  Hence  smaller  fruits  fetch  better 
price  in  the  market.  The  average  yield  of  bottle  gourd  is  20  tonnes /ha.  However, 
the  improved  vaneties/F,  hybrids  yield  up  to  40-50  tonnes/ha. 

Maturity  standards 

The  harvest  maturity  of  a  vegetable  depends  upon  the  purpose  for  which  it  is 
harvested.  When  the  bottle  gourd  fruit  is  to  be  harvested  for  vegetable,  it  should 
be  harvested  at  edible  stage.  In  bottle  gourd  picking  is  done  in  about  12-15  or 
even  20  days  after  fruit  set.  In  botde  gourd,  tenderness  and  edible  maturity  are 
judged  by  pressing  the  skin  and  little  pubescence  persisting  on  the  skin. 

Post-harvest  management 

The  losses  increase  cumulatively  as  the  produce  moves  down  the  pipe  line  from 
harvesting  to  its  consumption  by  the  consumer.  Improper  harvesting,  handling, 
transportation  and  distribution  result  in  significant  losses.  If  post-harvest  losses 
are  minimized,  the  growers  will  be  naturally  inclined  to  produce  more.  Several 
factors  influence  the  post-harvest  losses.  These  include  losses  due  to  physical, 
physiological,  mechanical  and  hygienic  conditions.  Recent  developments  in  post¬ 
harvest  handling  and  preservation  have  improved  shelf-life  of  vegetable.  The 
magnitude  of  post-harvest  losses  in  vegetables  can  be  minimized  by  proper  cultural 
operations,  harvesting,  transportation,  storage  and  pre-  and  post-harvest  treatments. 
Besides  the  bottle  gourd  is  used  as  fresh  vegetables,  the  processed  products  like 
‘tuty-fruite’. 
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Storage  and  marketing 

Fruits  can  be  stored  for  3-5  days  under  cool  and  shady  conditions.  In  cold 
storage  they  can  be  stored  for  longer  period.  The  fruits  are  packed  in  polythene 
bag  and  kept  in  small  boxes  and  these  boxes  are  transported  to  the  markets.  For 
local  markets,  fruits  are  kept  in  basket  or  crate  and  then  marketed.  For  export 
marketing  the  fruits  should  be  picked  at  edible  stage  and  then  packed  in  polythene 
pipe  bags  and  these  bags  are  kept  in  boxes  of  50-1 00kg  capacity.  These  boxes  are 
then  transported  to  marketing  areas. 


Bitter  gourd 
( Momordica  charantia  L.) 

S  Rajan  and  Baby  Lissy  Markose 

Bitter  gourd  is  known  by  different  names  such  as  Balsam  pear  or  bitter  cucumber  in 
English,  Karela  in  Hindi,  Gujarathi  and  Punjabi,  Karla  in  Marathi,  Beet  karela  in 
Assamese,  Kakara  kaya  in  Telugu,  pavakai  in  Tamil,  Hagala  kayi  in  Kannada  and 
Pavakka  in  Malayalam. 

Origin  and  distribution 

According  to  Zeven  and  Zhukovsky  (1975)  the  origin  of  bitter  gourd  remains 
unknown.  However  it  is  considered  a  native  of  tropical  Asia,  particularly  eastern 
India  and  southern  China  (Seshadri,  1986).  Indo-Burma  centre  of  origin  has  been 
reported  by  Garrison,  1977.  It  was  taken  to  Brazil  early  in  the  slave  trade  and  is 
now  wide  spread  throughout  the  tropics.  It  is  widely  grown  in  India,  Indonesia, 
Malaysia  and  Singapore  and  extensively  grown  in  China,  Japan,  South-East  Asia, 
tropical  Africa  and  South  America. 

Food  value  and  uses 

Bitter  gourd  is  grown  for  its  bitter  tender  fruits.  Fruits  are  covered  with  blunt 
tubercles.  The  fruits  turn  to  an  orange-yellow  colour  when  ripe.  The  fruits  are  rich 
in  iron,  Vitamin  A,B,C  and  are  an  inexpensive  source  of  proteins  and  minerals. 
The  fruit  is  reported  to  have  hermicidal  effect  and  is  laxative  and  easily  digestible. 
■It  is  considered  good  for  curing  blood  diseases,  rheumatism,  diabetes  and  asthma. 

The  fruits  are  cooked  in  many  ways  but  more  commonly  used  as  fried,  boiled, 
stuffed  and  cooked.  The  cooked  vegetable  of  bittergourd  remain  quite  fit  for 
consumption  for  2-3  days.  The  cucurbitacin — bitter  glucoside — may  help  in 
preventing  spoilage  of  cooked  vegetable  of  bitter-gourd.  The  fruits  are  also  utilized 
in  the  preparation  of  pickles  and  stored  as  a  dry  vegetable. 

The  cultivation  of  the  crop  is  very  lucrative  especially  in  South  India  from  where 
fruits  are  exported  to  Gulf  and  European  countries.  The  annual  import  of  bitter 
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Table  1.  Area  and  production  of  bittergourd 


States 

Area  (ha) 

Production  (tonnes) 

Assam 

325 

5,798 

Gujarat 

500 

2,500 

Orissa 

5,230 

20,920 

Punjab 

2,000 

24,000 

Rajasthan 

219 

578 

Uttar  Pradesh 

14,800 

1,08,400 

Maharashtra* 

12,054 

1,20,540 

Andhra  Pradesh* 

7,759 

77,590 

Tamil  Nadu* 

22,223 

2,22,330 

Kerala* 

10,000 

1,00,000 

Source:  PDVR  bulletin  No.  1991;  ‘Estimated  value. 


gourd  in  UK  comes  to  1000  tonnes.  The  area  and  production  are  fast  increasing 
and  some  of  the  leading  states  in  the  country  are  Uttar  Pradesh,  Orissa,  Maharashtra, 
Andhra  Pradesh,  Tamil  Nadu  and  Kerala.  The  approximate  area  and  production 
in  India  are  given  in  Table  1. 

Botany 

Bitter  gourd  belongs  to  the  family  cucurbitaceae.  The  somatic  chromosome 
number  is  2n=2x=22.  Other  species  of  this  genus  contain  different  chromosome 
numbers  as  given  below: 

M.  dioica  Roxb.  (spine  gourd,  Kakarol)  2n=28 
M.  cochin  chinensis  Spreng  (Sweet  gourd  of  Assam),  2n=28 
M.  charantia  is  incompatible  with  M.  dioca  and  M.  balsamm 
The  plant  is  a  monoecious  annual  climber,  stem  5-angled  and  furrowed;  tendrils 
simple  or  forked.  Leaves  palmately  5-9  lobed  and  5-17cm  diameter.  Flowers  axillary, 
solitary  about  3cm  in  diameter,  prominent  sessile  bract  at  or  near  base  of  slender 
peduncle.  Calyx  deeply  5-fid,  corolla  rotate,  parted  nearly  to  base,  petals  5,  yellow 
1.5-2cm  long,  stamens  5,  filaments  free,  anthers  united.  There  are  three  short 
styles  terminated  by  three  bilobed  or  divided  stigma.  Fruit  is  pendulous,  fusiform, 
ribbed  with  numerous  tubercles,  seeds  brownish  with  scarlet  axil. 

Flowering  and  fruit  set 

Anthesis  and  anther  dehiscence  occur  early  in  the  morning.  Selling  and  crossing 
should  be  attempted  in  the  forenoon  preferably  in  early  hours.  For  crossing  purpose 
female  flower  buds  ready  to  open  in  the  next  1-2  days  are  covered  by  small  paper 
bags.  Like-wise  male  flower  buds  ready  to  open  next  morning  also  covered. 
Pollination  is  carried  out  by  rubbing  anthers  of  freshly  opened  flowers  against 
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stigma  of  the  protected  pistillate  flowers.  The  crossed  flowers  are  covered  as  above 
for  a  few  more  days. 


CROP  IMPROVEMENT 


Breeding  methods 

The  following  are  the  breeding  objectives  in  bittergourd. 

(i)  Early  fruitng 

(ii)  High  female  to  male  sex  ratio 

(iii)  Thick  fruits  suitable  for  stuffing 

(iv)  Fruit  size  variations  as  per  consumers’  preference 

Small  :  7.5-10cm  long 

Medium  long  :  10-1 5cm 

Long  :  15-20cm 

Extra  long  :  20-40cm 

(v)  Immature  seeds  for  longer  period  during  green  edible  stage 

(vi)  High  yield  (a  product  of  number  of  fruits  and  fruit  weight) 

(vii)  Resistance  to  fruit  flies,  red  pumpkin  beetle,  epilachna  beetle 
(viii)  Resistance  to  mosaic  virus 


Genetics  of  plant  and  fruit  characters 


Characters 

Gene  action 

Fruit  colour 

Green  colour  in  dominant  over  white,  monogenic 

Seed  colour 

Dark-brown  seed  colour  is  dominant  over  whitish-brown  seed  col¬ 
our,  monogenic 

Seed  size 

Small  seed  size,  dominant  over  large  seeds,  monogenic 

Spines  on  fruit 

Spiny  fruit  dominant  over  smooth  fruit.  Both  colour  and  surface  are 
independent  in  inheritance 

Bitterness  in  fruits 

Qualitatively  inherited 

Development  of  synthetics,  pure  line  selection  from  segregating  generations 
and  heterosis  breeding  are  applicable  in  bittergourd. 

Varieties 

The  varieties  in  bittergourd  vary  in  size,  shape,  colour,  spine  character  and 
bitterness.  The  market  preference  for  colour,  shape,  size  and  bitterness  also  vary 
with  locations.  White  coloured  varieties  are  less  bitter  in  taste  and  preferred  in 
South  India.  The  characteristic  bitter  taste  in  the  fruit  is  due  to  the  bitter  principle 
‘momodicidin’. 
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The  following  varieties  are  recommended  for  cultivation  in  various  parts  of  the 
country. 


Name 

Source 

Salient  features 

Pusa  Do 

IARI, 

Fruits  are  dark-green,  club-like  with  7-8  continuous 

Mausmi 

New  Delhi 

ribs.  Each  fruit  weighs  1 00-1 20g.  It  grows  well  in  sum¬ 
mer  and  rainy  season.  It  has  a  yield  potential  of  12-15 
tonnes/ha  in  120  days. 

Pusa  Vishesh 

IARI, 

New  Delhi 

A  selection  from  a  local  variety  of  Hapur  in  Uttar 
Pradesh,  suitable  for  growing  in  summer. 

CO  1 

TNAU, 

Coimbatore 

Selection  from  a  local  type  from  Thudiyalur  near 
Coimbatore.  Fruits  are  dark-green,  spiny,  20-25cm  long 
weighing  100-1 15g. 

MDU  1 

TNAU  Agrl. 

College, 

Madurai 

Induced  mutant  with  greenish  white  fruits,  spiny 
fruits  with  length  varies  from  30-40cm.  Yield 
potential  is  30-35  tonnes/ha  in  120-130  days. 

Coimbatore 

TNAU, 

A  local  type  from  Coimbatore  Fruits  long  and  extra 

Green 

Coimbatore 

long  up  to  60cm,  dark-green  and  fruit  weighs  300-400g 
with  an  yield  potential  of  15-18  tonnes/ha 

Coimbatore 

TNAU, 

Another  local  type  from  Coimbatore.  Fruits  are 

Long  White 

Coimbatore 

extra  long  (60-65cm)  with  white  colour.  The  yield  po¬ 
tential  is  15  tonnes/ha. 

VK  1  Priya 

KAU, 

Vellanikkara, 

Thrissur 

A  selection  from  local  type.  Fruits  are  39cm  long, 
green-spiny-fruits  with  white  tinge  at  stylar  end.  Yield 
potential  in  30  tonnes/ha. 

Preethi 

KAU, 

Selection  from  local  type.  Fruits  are  white,  medium, 

(  MC  84) 

Vellanikkara 

spiny,  30cm  long  and  average  fruit  weight  is  310g  and 
per  hectare  yield  is  15-34  tonnes. 

Priyanka 

KAU,  SRS, 

A  local  selection  from  Thiruvalla.  Fruits  are  uniform 

(Sel.  1010) 

Thiru  valla 

white,  spindle-shaped  with  spiny-ridges,  medium  long, 
average  fruit  weight  is  300g  and  yield/ha  is  28  tonnes. 

Arka  Harit 

IIHR,  Banglore 

It  is  an  improvement  over  local  collection  from 
Rajasthan.  Fruits  are  short,  spindle-shaped,  green  with 
smooth  regular  ribs.  They  are  thin  fleshed  with  moder¬ 
ate  bitterness.  The  variety  is  suitable  for  growing  in  kharif 
and  summer.  It  yields  9-12  tonnes/ha  in  1 20  days. 

Harkani 

MPKV,  Rahuri 

Developed  by  selectin  from  local  type.  Fruits  are  dark- 
green,  15-20cm  long  with  prickles.  Average  yield  is  13.8 
tonnes/ha  in  160  days. 

Phule  Green 

MPKV,  Rahuri 

Developed  by  selection  from  cross  between  Green  Long 
x  Delhi  Local.  Dark-green  fruits,  25-30cm  long  and 
prickled.  Average  yield  is  23  tonnes/ha  in  150-1 80  days. 
Tolerant  to  downy  mildew. 

RHR  BGH  1 

MPKV,  Rahuri 

F,  hybrid.  Dark-green,  prickled  fruits  with  20cm  long 
fruits.  Average  yield  is  20  tonnes/ha.  Suitable  for  kharif 
and  summer  growing.  Tolerant  to  downy  mildew. 

Konkan  Tara 

Konkan  Krishi 
Vidyapeeth, 
Dapoli, 
Maharashtra 

Fruits  are  green,  prickly,  medium  long  (15-16cm) 
and  spindle-shaped.  Yield  potential  is  24  tonnes/ha. 
Fruits  have  good  keeping  quality,  shelf-life  is  7-8 
days  under  ambient  termperature. 
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PHULE  GREEN  GOLD 


Biim 

|Mp§§P 


Green  Gold-high  yielding  bitter  gourd-fruits  dark-green 


CROP  PRODUCTION 


Climate,  soil  and  season 

It  is  a  warm  season  crop  but  has  a  wide  range  of  adaptability  and  can  be  grown 
in  regions  with  comparatively  low  temperatures.  At  temperature  between  25°- 
30°C,  the  growth  is  normal  and  yields  are  high.  When  the  temperature  is  less  than 
18°c’  the  growth  is  slow  leading  to  poor  yield.  When  temperature  is  above  36°C 
there  is  poor  production  of  female  flowers  resulting  in  poor  yield.  It  is  reported 
that  short  day  treatment  slightly  reduced  the  production  of  staminate  flowers  and 
increased  the  number  of  pistillate  flowers  and  lowered  the  node  number  at  which 
the  first  pistillate  flower  appeared.  Long-day  treatment  significantly  increased  the 
production  of  staminate  flowers  and  suppressed  the  development  of  pistillate 
flowers.  The  production  of  female  flowers  was  increased  by  low  temperature 
treatment  (20°C)  under  short-day.  The  crop  can  be  grown  in  all  types  of  soils  but 
sandy  loam  and  silt  loam  soils  are  most  suitable.  The  best  pH  would  be  6.5-7.0. 

Seeds  sowing  and  nursery  management 

In  hills,  the  seed  is  sown  from  April  to  July.  In  plains,  seed  is  sown  from  January- 
March.  The  second  crop  is  taken  in  June-July.  Four  to  five  kg  of  seeds  is  sufficient 
to  sow  one  hectare.  The  seeds  have  to  be  treated  with  Thiram  @  2g/kg  of  seeds. 
Soaking  the  seeds  for  6  hours  will  facilitate  germination.  The  seed  has  a  hard  seed 
coat  and  germinate  slowly  due  to  slow  absoption  of  water.  Germination  takes 
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longer  time  at  low  temperatures.  The  seed  germination  is  optimum  at  temperature 
between  25°C  and  35°C  and  inhibited  at  8°C,  and  above  40°C. 

Four  seeds  are  sown  per  pit  and  later  two  to  three  seedlings  per  pit  are  retained. 
Instead  of  sowing  in  the  main  field,  the  seeds  can  be  sown  in  polythene  bags  and 
can  be  shifted  to  pits  in  the  mainfield  after  15-20  days. 

Soil  preparation  and  planting 

Plough  the  field  for  3-4  times.  Apply  20-25  tonnes  of  farmyard  manure  at  the 
last  ploughing.  Long  channels  of  60cm  width  are  formed  at  a  spacing  of  2m.  Along 
this  channel,  pits  of  45cm  are  dug  at  a  spacing  of  1.5m.  The  package  of  practice 
recommendation  of  Kerala  suggests  making  pits  of  size  60cm  at  a  spacing  of  2m. 

Nutrient  management 

Different  recommendations  for  fertilizers  and  manures  are  available  for  different 
locations.  Fertilizer  recommendation  for  bitter  gourd  for  different  states  is  given 
below.  ° 


States 

N 

P 

K  (kg/ha) 

Punjab 

100 

50 

50 

Himachal  Pradesh 

100 

50 

50 

Karnataka 

62 

50 

0 

Tamil  Nadu 

20 

50 

60 

In  Kerala,  application  of  farmyard  manure  @  18  tonnes  +  NPK  60  :  30  :  60kg/ha 
resulted  in  maximum  yield  and  net  returns.  In  the  coastal  regions  of  Karnataka 
N  and  P  at  80  :  30kgs/ha  alone  gave  maximum  yield  of  17.12  tonnes/ha.  In  coconut 
gardens  of  Kerala  (partially  shaded  conditions)  maximum  fruit  set  and  yield  were 
obtained  at  NPK  90  :  25  :  50kgs/ha. 

Irrigation 

Being  a  shallow  rooted  vegetable,  roots  are  mostly  concentrated  at  top  60cm 
soil  layer.  The  crop  should  be  irrigated  immediately  after  planting  in  summer  and 
subsequently  at  2—3  days  interval  until  flowering. 

Weed  management 

Glycophosphate  at  4.5kg/ha  if  applied  after  weed  emergence  and  before  sowing 
weeds  can  be  effectively  controlled. 

Use  of  growth  regulatiors 

Application  of  growth  regulators  at  2-4  leaf  stage  play  an  important  role  in  sex 
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express.cn  and  sex  ratio.  MH  at  50-150ppm  and  CCC  a,  50-lOOppn.  .ncrease 
femakmale  ratto  and  a.  a  high  ccncentrat.cn  cf  200ppm  CCC  it  .s  reduced.  Ethrel 
at  25ppm  .ncreases  female  flowers.  GA  a.  60ppm  reduces  the  r»uo  cf 
flowers.  High  levels  of  endogenous  GA  like  substances  occur  between  45-60  days 
when  die  ratio  of  male'.female  flowers  is  low.  MH  at  150-250ppm  when  applied  at 
2  leaf  stage  in  variety  ‘Pusa  Do  Moustnl'  induced  the  formation  of  pistillate  flower, 
at  the  lowest  node^Seed  treatment  with  B9  at  3-4  ppm  for  20  hours  gave  the 

highest  number  of  female  flowers  per  plant. 

Soaking  of  seeds  in  Ethrel  for  20ha/ppm  or  GA3,  MH,  silver  nitrate  a 
4ppm  gave  ’the  highest  number  of  female  flowers  and  fruits  per  plant.  Seed  treatment 
whh  Boron  3-4mg/litre  or  foliar  application  @  3-4mg/htre  gave  significantly 
higher  yield.  Application  of  cycocel  at  250mg/Utre  gave  the  highest  dry-ma 
acetic  acid  and  TSS  content  and  flesh  thickness.  GAj  at  25mg/litre  gave  lg  es 
number  of  seeds/ fruit  at  75kg  N/ha. 

Harvest,  maturity  standards,  pre-  and  post-harvest  handling 

The  flowering  starts  in  bittergourd  b,  45-55  days  and  the  first  picking  could  be 
taken  in  60-70  days  after  planung  depending  upon  variety  planting  season,  so. 
types  management  practices  etc.  Immature  tender  fruits  are  harvested.  The  colour 
0^  tender  fruit  is  light-green  or  dark-green  or  whitish-green  depending  upon .  variety 
At  fully  ripe  stage  the  colour  of  the  fruits  turns  to  yellow  or  orange  and  for  seed 
purpose  the  fruits  are  harvested  at  this  stage.  Regular  harvesting  at  shorter  mtervaW 
will  increase  the  fruit  number  and  irregular  harvesting  may  delay  the  formation 
successive  fruit  production  and  affect  their  growth  and  development  adverse  y. 

After  harvesting  remove  all  fruits  affected  with  insect  pests  or  diseases  and 
deformed  ones.  The  harvested  6uits  cannot  be  kept  for  long  time  an  to  e  sen 
to  market  as  soon  as  possible.  By  sprinkling  water  over  the  fruits  freshness  can  b 
maintained  for  sometime  in  the  initial  stage.  Fruits  can  be  packed  in  polypropylene 

bag  for  extended  shelf-life. 

"tlte^lrtkclrln^^ed.  The  bitter  gourd  slices  can  be  dried 
and  used  as  a  vegetable  as  and  when  required.  The  surplus  fruits  can  be  made  into 
dehydrated  products.  From  ltikgs  fresh  fruit,  1kg  dehydrated  product  can  be  made. 
The  market  price  depends  on  the  domestic  supplies  and  external  arrivals. 
Establishment  of  farmers'  markets  in  certain  regions  of  Kerala  has  assured  a 
reasonable  price  to  farmers  for  their  produce. 
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Summer  squash 

(Cucurbita  pepo  L.) 

S  Rajan  and  Baby  Lissy  Markosi; 

Summer  squash  or  vegetable  marrow  or  field  pumpkin  is  a  quick  growing  and 
early  yielding  cucurbit  which  is  cultivated  throughout  India.  The  fruits  however, 
have  many  shapes  and  sizes.  It  is  also  called  Vilayatikaddu  or  chappan  kaddu  as’ 
fruit  resembles  a  cover  of  earthern  pitcher.  In  Hindi  it  is  called  Kumra,  safed  Kaddu, 
and  in  Tamil  soraikayi.  Summer  squash  is  an  annual  bush  or  vine  often  trailing  in 
habit.  They  produce  stem  with  greatley  shortened  internodes,  and  set  fruits  in 
close  succession.  The  fruits  are  picked  before  the  seeds  and  skin  harden,  and  used 
as  vegetable.  Generally  the  fruits  are  ready  for  picking  in  about  six  weeks  and  are 
picked  tender  within  a  few  days  after  pollination.  The  immature  fruits  are  used  as 

vegetable.  These  bush  squashes  do  not  store  well.  They  are  also  used  for  feeding 
animals.  6 

Botany 

It  is  a  stout  hispid  annual  with  orbicular,  shallowly/deeply  lobed  leaves  with 
petioles  covered  with  prickly  hairs.  The  fruits  have  a  hard  deeply  furrowed  five 
angled  peduncle  without  any  enlargement  at  the  point  of  attachment.  The  fruit  is 
yellow  in  colour  and  having  white  or  pale-scentless  flesh  with  cavity.  Seeds  are 
small,  numerous,  tan  to  dingy-white  in  colour  which  are  easily  separable  from 
pulp.  Seed  margin  is  smooth,  obtuse  and  testa  is  absent  in  certain  cultivars.  The 
chromosome  number  is  2n=40.  Squashes  mostly  monoecious,  but  occurence  of 
an  androecious  mutant  in  C.  pepo  is  reported. 

Origin  and  history 

C.  pepo  is  said  to  be  originated  from  America  probably  in  north-eastern  Mexico 
where  archeological  evidence  has  been  found  which  suggests  that  its  fruits  were 
eaten  as  early  9000  years  ago.  It  has  now  been  widely  distnbuted  and  some  of  its 
cultivars  withstand  cooler  climates  than  the  other  species  of  cucurbita.  No  records 
are  available  to  indicate  when  this  crop  was  introduced  in  India. 

Crop  improvement 

Most  of  the  crop  improvement  work  in  the  USA  is  in  C.  Pepo.  There  are  several 
cultivars  like  scallop  with  fruits  of  semi-globe,  some  what  tart-shaped  with  scallop 
margin,  Black  Zucchini  with  cylindrical  smooth  dark-green  fruits  with  greenish- 
white  flesh,  early  prolific,  straight-neck,  yellow  summer  crook-neck  etc. 

In  India,  the  main  objective  of  summer  squash  improvement  is  to  develop  a 
cultivar  superior  in  economic  attributes  compared  to  the  existing  cultivars.  The 
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breeding  programme  should  be  taken  up  with  the  following  objectives. 

(i)  Plant-type  bearing  first  pistillate  flower  at  early  node  number.  It  gives  a 
fair  indication  of  earliness. 

(ii)  High  female  to  male  sex  ratio  as  it  results  in  higher  fruit  yield. 

(iii)  Medium  vine  characteristic  in  non-bushy  types. 

(iv)  Fruits  with  attractive  green  colour  and  desirable  fruit-shape. 

(v)  High  fruit  yield  as  expressed  in  terms  of  weight  of  fruit  and  number  of 
fruits  per  plant.  Increase  in  yield  can  be  achieved  by  increasing  the  number 
of  fruits  per  plant  rather  than  fruit  weight. 

(vi)  Resistance  to  powdery  mildew,  virus  and  red  pumpkin  beetle. 

BREEDING  METHODS 

Introduction 

It  consists  of  taking  a  genotype  or  a  group  of  genotypes  of  plants  into  new 
environments,  where  they  are  not  grown  before.  The  introduced  variety  if  found 
superior  to  existing  varieties  can  be  released  for  cultivation  as  soon  or  after  slight 
modification.  Patty  Pan  and  Australian  Green  are  two  introduced  varieties  of  summer 
squash. 

Selection 

Punjab  Chappan  Kaddu  I  is  an  inbred  selection  from  the  segregating  local 
variety  of  Punjab. 

Heterosis  breeding 

Pusa  Alankar  is  an  Fj  hybrid  between  EC  207050  and  Sel  1  P-I  8.  For  the 
production  of  Fj  hybrid  seeds,  the  methods  adopted  are: 

(i)  Emasculation  and  hand/insect  pollination 

(ii)  Use  of  growth  regulators 

In  C.  pepo,  there  are  many  reports  that  production  of  male  flowers  can 
be  temperorily  suppressed  for  2-3  weeks  by  repeated  spraying  with 
ethephon  at  250ppm  on  young  plants  at  first  true-leaf-stage.  Two 
applications  of  Ethephon  at  600ppm  at  2—4  leaf  stage  caused  complete 
male  suppression  during  fruit  stage.  Thus  female  parents  are  sprayed  with 
Ethephon  to  favour  development  of  female  flowers  alone  during  early 
stages,  which  helps  to  avoid  emasculation  process.  Ethephon  is  used  for 
commercial  production  of  hybrid  seeds  in  squash. 

(iii)  Use  of  male  sterile  lines,  two  male  sterility  genes,  viz.  ms  1  and  ms  2  have 
been  reported  in  Cucurbita. 
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Interspecific  hybridization 

F,  hybrids  can  be  obtained  from  most  interspecific  mating  between  C.  pepo,  C. 
mixta,  C.  moschata  and  C.  maxima.  But  such  hybrids  are  normally  sterile. 

C.  moschata  was  used  as  a  bridge  to  transfer  disease  resistance  genes  from  C. 
martinezii  to  C.  pepo.  The  three  way  cross  C.  pepo  x  (C.  moschata  x  C  martinezii ) 
is  being  used  to  transfer  resistance  to  powdery  mildew  and  cucumber  mosaic  virus 
from  C.  martinezii  to  C  pepo.  Washek  (1982)  achieved  a  cross  of  C.  pepo  with  the 
multiple  disease  resistant  C  ecuadorensis  through  embryo  culture. 

Crop  improvement  work  on  summer  squash  is  being  carried  out  at  Katrain 
(IARI),  Ludhiana  and  Hessarghatta  in  India.  These  centers  are  maintaining 
germplasm  and  evaluating  it  for  various  economic  traits. 


Variety 

Punjab 

Chappan 

Kaddu 


Patty  PAN 


Early  Yellow 
Prolific 


Australian 

Green 


Pusa  Alankar 


Varieties  developed 


Source 


Punjab 

Agrl. 

University 


IIHR,  Banglore 


IARI,  Regional 
Station,  Katrain 


IARI,  Regional 
Station,  Katrain 


IARI,  Regional 
Station,  Katrain 


Remarks  _ 

It  is  an  inbred  seloction  from  the  segregating  local 
variety  of  Punjab.  Plants  are  bush-type,  foliage  thick 
and  erect  leaves  non-lobed  and  green  without  white 
specks,  mildy  ribbed  with  flat  stem-end  and  attrac¬ 
tive,  average  fruit  about  80g  and  bears  per  plant  about 
1 0  fruits,  early  maturing  and  is  ready  for  first  harvest 
in  about  60  days  from  sowing.  It  has  a  predominant 
female  tendency,  field  resistance  to  downy  mildew 
and  red  pumpkin  beetle.  It  is  high  yielding  and  gives 
about  20-25  tonnes/ha. 

An  introduction  from  USA  and  recommended  by 
IIHR  for  cultivation  during  1972.  A  bushy-type  and 
fruits  are  disc-shaped,  chalky  white,  tender  and  very 
attractive  at  edible  stage.  A  short-duration  variety 
(85-90  days),  yield  54  tonnes/ha. 

An  early  bush-type  variety.  Fruits  are  medium  sized, 
waited  and  tapering  towards  stem  end.  Light  yellow 
skin  turns  to  orange-yellow  on  maturity.  Flesh  is  ten¬ 
der  at  the  stage  it  is  consumed  as  vegetable. 

An  introduction.  Very  early  bush-type  variety.  Green 
fruits  are  dark-green  with  longitudinal  white  stripes 
all  over,  25-30cm  long,  1 5-20  fruits/  plant  and  very 
tender  at  edible  stage.  Yield  1 5-16  tonnes/ha. 

An  F,  hybrid  between  EC  207050  and  Sel  1,  PI  8  (a 
derivative  from  cross  between  chappan  and  Early 
Yellow  Prolific,  early  maturing,  having  uniform  dark 
green  fruits  with  light-coloured  stripes,  slightly  ta¬ 
pering  towards  the  stem.  The  flesh  is  tender  deli¬ 
cious  and  fruits  mature  in  45-50  days.  High  yield 
20-30  tonnes/ha 
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Crop  production 

A  well  drained  sandy  loam  soil  with  high  organic  content  is  considered  best. 
They  are  sensitive  to  acidic  soils  and  alkaline  soils  with  high  salt  concentration  are 
unsuitable.  It  can  be  grown  both  in  high  and  low  temperature  conditions.  The 
plants  can  be  grown  successfully  between  a  temperature  range  of  24°-27°C.  It 
does  not  tolerate  frost.  It  can  be  grown  in  Feburary— March  and  June— July  and 
October-January.  In  hills  the  optimum  sowing  time  is  April-May. 

Field  preparation 

The  field  is  ploughed  four  or  five  times.  In  summer  season,  pits  of  size  45  x  45 
x  45cm  can  be  dug  at  a  spacing  of  1  x  lm.  The  pit  can  be  filled  with  a  mixture  of 
farmyard  manure  (20-25  tonnes/ha)  and  top  soil.  In  rainy  season  raised  beds  or 
mounds  are  made  to  facilitate  drainage.  In  river  beds  of  North  India,  it  is  sown  in 
trenches.  It  is  a  direct  sown  crop. 

Manures  and  fertilizers  application 

About  20-25  tonnes /ha  of  farmyard  manure  should  be  applied  at  the  time  of 
soil  preparation.  No  research  work  has  been  done  in  the  fertilizer  requirement  of 
vegetable  marrow. 

Interculture 

Weeding  should  be  done  frequendy  in  order  to  keep  the  weeds  under  check. 
Irrigation  should  be  given  at  an  interval  of  3-4  days  depending  upon  season  and 
type  of  soil. 

Harvesting  and  yield 

The  fruits  are  harvested  when  they  are  at  one  third  maturity.  Tender  fruits  are 
liked  by  the  consumer.  The  crop  will  be  ready  for  harvest  in  about  60-80  days  after 
seed  sowing.  Fruits  will  become  fit  for  harvest  in  about  7  days  after  fruit  set.  The 
picking  should  be  done  at  an  interval  of  2-3  days  in  order  to  get  highest  fruit  yield. 
The  yield  ranges  from  20-30  tonnes/ha  in  a  crop  duration  of  85-90  days. 


Snake  gourd 

( Trichosanthes  cucumerina  L.  syn.  T.  anguina  L.) 

T  A  More  and  K  G  Shinde 


Origin  and  distribution 

Snake  gourd  ( Trichosanthes  cucumerina  L.  syn.  T.  anguina  L.)  occurs  in  the  wild 
form  in  India,  South-East  Asia  and  tropical  Australia.  The  Indian  Archipelago  is 
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thought  to  be  its  place  of  origin.  The  fruits  are  long,  narrow,  cylindrical  and  pointed 
at  both  the  ends.  The  fruits  are  rich  in  carbohydrates,  proteins,  minerals  and  vitamins 
A,  B  and  C. 

It  belongs  to  the  subtribe  Trichosanthinae  Pax,  tribe  Trichosantheae  C.  Jeffr., 
subfamily  Cucurbitoideae.  The  genus  includes  about  40  species  occurring  in  east, 
south  Asia,  tropical  Australia,  and  Fiji.  Two  species  are  cultivated;  and  several  other 
species  are  used  in  native  medicine. 

Trichosanthes  cucumenna  L.  (2n  :  22, 44)  (synonym :  T.  angunna  L.)  (snake  gourd) 
is  cultivated  widely  in  south  and  south-east  Asia.  Wild  forms  of  the  species  occur 
naturally  from  India  to  Australia.  It  is  a  monoecious,  annual,  herbaceous  climber. 
The  immature  fruit  is  boiled  and  eaten.  The  fruits  are  slender,  long  tapering,  and 
30-1 50cm  long.  Occasionally,  shoots  and  tender  leaves  are  also  used  as  vegetable. 

The  fruit  improves  the  appetite,  acts  as  a  tonic  and  stomachic,  and  cures 
bilousness.  The  root  and  seeds  are  anthelmintic  and  are"  also  used  in  the  treatment 
of  diarrhoea,  bronchitis,  and  fever. 

Varieties 

CO  1:  An  early  maturing  cultivar,  first  fruit  comes  to  harvest  in  70  days.  Fruits 
are  long  (160-180cm),  dark-green  with  white  stripes,  flesh  light-green,  10-12  fruits 
per  vine  are  borne  weighing  4— 5kg.  Mean  yield  of  fruits  per  hectare  is  18  tonnes. 
Developed  by  Tamil  Nadu  Agricultural  University,  Coimbatore. 

CO  2:  It  is  a  selection  bearing  short  fruits  (30cm  long).  Fruits  are  light-greemsh- 
white.  It  gives  an  average  yield  of  35  tonnes/ha  with  a  duration  ranging  from  105— 
120  days.  It  is  suitable  for  high  density  planting.  Developed  by  Tamil  Nadu 
Agricultural  University,  Coimbatore. 

CO  4:  An  early  maturing  variety,  first  marketable  fruit  harvest  in  70  days.  Fruits 
long  and  length  at  matured  green  stage  is  160-190cm,  dark-green  with  white- 
s tripes,  flesh  light-green,  10-12  fruits  per  vine  are  borne  weighing  4— 5kg.  Released 
by  Tamil  Nadu  Agricultural  University,  Coimbatore. 

TA  19:  It  is  new  collection  recommended  by  the  Kerala  Agricultural  University. 
Fruits  are  about  60cm  long.  At  immature  stage  they  are  light-green  with  white- 
s tripes  at  the  styler  end.  The  average  fruit  weight  is  600g  and  the  fruits  are  ready  in 
65-70  days  from  sowing. 

Konkan  Sweta:  It  is  developed  by  Konkan  Krishi  Vidyapeeth,  Dapoli 
(Maharashtra).  The  fruits  are  medium-long  (90-100cm)  and  white  in  colour.  Fruits 
have  good  flesh  if  harvested  timely  otherwise  it  becomes  hollow.  Average  yield  is 
15-20  tonnes /ha.  The  crop  duration  is  about  120-130  days. 

Soil  and  climate 

The  most  ideal  soil  for  snake  gourd  is  rich  loamy  or  sandy  loam  soil.  However, 
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other  soils  can  be  used,  as  long  as  they  are  well  drained  and  rich  in  organic  matter. 
Like  other  cucurbitaceous  crops,  it  needs  a  warm  and  humid  climate  for  best  growth. 
High  humidity  is  favourable  for  growth  and  fruit  development. 

Season 

It  is  grown  in  both  the  kharif  and  summer  seasons.  The  summer  season  crop  is 
sown  in  December-January  and  rainy  season  that  of  June-July.  It  is  also  planted-in 
October-November  where  winters  are  mild. 

Seed  rate 

About  5-6kg/ha  seed  is  needed.  Seeds  are  sown  in  the  hills  near  the  edges  of 
raised  beds  or  pits. 

Spacing 

Row  to  row  spacing  of  1.5-2. 5m  and  plant  to  plant  spacing  of  60— 120cm  are 
advocated  for  snake  gourd. 

Training 

Since  the  fruits  are  very  long,  slender  and  very  soft  it  is  always  advisable  not  to 
allow  the  fruits  to  touch  the  ground.  In  other  words,  if  the  fruits  are  hanged,  they 
generally  grow  downward  straight.  Therefore,  training  is  essential  to  this  crop.  The 
bower  system  of  training  is  best  for  this  crop.  To  obtain  straight  fruits,  some  growers 
tie  weights  to  the  bottom  end  of  fruits.  This  facilitates  hanging  of  the  fruits  which 
in  turn  enables  them  to  grow  straight  downwards. 

Nutrient  requirement  and  management 

During  the  preparation  of  field,  10-15  tonnes/ha  of  farmyard  manure  should 
be  incorporated.  Besides,  40-60kg  nitrogen,  30-40kg  phosphorus  and  30-40kg 
potassium  are  applied.  Half  dose  of  nitrogen  (20-30kg/ha)  should  be  top  dressed 
when  the  plants  start  bearing. 

Management  of  irrigation  water 

The  first  irrigation  is  given  immediately  after  the  sowing.  For  summer  crop, 
regular  irrigation  at  3-5  days  intervals  is  necessary  to  maintain  the  desired  soil- 
moisture  level.  At  the  time  of  fruit  set  and  its  development  the  frequency  of  irrigation 
should  be  maintained.  There  should  not  be  any  dry  spell  during  this  period. 

Harvesting  and  yield 

Fruit  set  in  snake  gourd  starts  at  the  beginning  of  second  month.  Fruits  are 
hand  picked  when  they  are  still  tender  and  about  1/4-1 /3  their  full  size.  Fully 
mature  fruits  are  lighter,  fibrous,  and  hard  and  this  kind  of  fruits  are  not  generally 
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preferred  in  the  market.  A  vine  yields  about  20-25  fruits  and  if  it  is  properly 
managed,  it  can  produce  as  many  as  40-50  fruits  in  about  2-3  months.  As  the 
fruits  have  short  shelf-life  they  should  be  sent  to  market  prompdy.  The  fruits  need 
to  be  immediately  packed  in  baskets  or  in  other  containers  to  protect  them  from 
injuries  during  transport.  Average  yield  about  8-10  tonnes/ha. 

Storage  and  marketing 

Just  after  harvesting  fruits  are  sent  to  the  markets  as  they  do  not  have  shelf-life 
more  than  two  days.  In  Maharashtra,  some  people  cut  the  fruits  into  three  to  four 
pieces  and  tie  them  before  sending  to  market  on  large  scale.  Nevertheless,  generally 
the  whole  fruits  are  packed  and  then  sent  to  the  markets. 


Pumpkin 

(Cucurbita  moscbata  Duch.  ex  Poir.) 

S  Rajan  and  Baby  Lissy  Markose 

Pumpkin  is  one  of  the  most  popular  summer  vegetables  grown  all  over  India  on  a 
commercial  scale.  Because  of  its  high  carotene  content  and  good  keeping  quality,  it 
is  considered  as  a  vegetable  of  immense  value.  There  is  a  good  deal  of  confusion 
about  the  identity  of  the  Indian  cultivated  species.  Many  of  them  are  known  by  the 
same  vernacular  names.  They  are  all  utilized  in  the  same  way  and  the  method  of 
cultivation  are  similar.  It  is  probable  that  most  of  the  cultivated  species  belong  to 
Cucurbita  moscbata. 

It  is  an  important  cucurbitaceous  vegetable  extensively  grown  in  different  parts 
of  the  country  for  its  immature  and  mature  fruits.  They  are  used  as  fresh  vegetable, 
processed  food  and  stock  feed.  Immature  and  mature  fruits  are  cooked  as  a 
vegetable.  Their  flesh  is  delicious  when  stewed,  boiled  or  baked.  They  are  sweetish 
when  fully  mature  and  fully  ripen  fruits  are  meshed  and  used  for  the  preparation 
of  a  delicacy  called  halwa ,  other  sweets  and  jams.  They  can  also  be  candied  or 
fermented  to  give  a  beverage.  The  Yerusseri  prepared  from  immature  fruits  is  very 
popular  in  Kerala.  Fruit  is  also  mixed  with  tomato  in  the  preparation  of  sauce. 
Sometimes  young  tender  tops  of  shoots  and  leaves  are  also  cooked  as  vegetable. 
The  flowers  of  pumpkin  are  more  nutritive  than  fruits.  The  seeds  after  removing 
seed  coats  are  used  in  confectionery.  This  crop  is  specially  known  for  its  low-cost 
of  production  and  long  keeping  quality.  The  fruits  can  be  kept  for  several  months. 
The  young  leaves,  flowets  and  fruits  are  rich  in  carotene,  a  precursor  of  vitamin  A. 
Importance  of  pumpkin  as  a  potential  supplier  of  carotene  has  not  been  exploited 
till  now.  Medicinal  uses  of  pumpkin  to  reduce  tapeworm  infection  and  its  use  as  a 
diuretic  are  yet  to  be  explored  on  a  large  scale. 
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The  varieties  show  differences  in  the  composition  of  their  fruits.  Varieties  with 
high  sugar  content  contain  larger  amounts  of  acid  hydrolysable  polysaccharides, 
those  with  high  total  solids  are  rich  in  soluble  solids  and  moderately  rich  in  total 
nitrogen.  Differences  in  flavour,  consistency  and  appearance  of  varieties  are  related 
to  their  composition  which  determines  their  suitability  for  various  purposes.  Some 
varieties  are  excellent  for  culinary  use  during  the  early  stages  of  maturity  and  very 
poor  for  the  same  use  at  later  stages,  while  the  reverse  may  be  true  of  other  varieties. 

Origin  and  distribution 

Pumpkins  and  squashes  have  been  associated  with  man  in  the  America  for  at 
least  10,000  years.  The  genus  Cucurbita  is  indigenous  to  the  Americans. 
Archaeological  evidences  show  that  C.moschata  was  widely  distributed  in  both 
North  and  South  America,  Mexico  and  Peru  being  the  primary  centres  of  origin. 
The  cultivated  species  were  selected  by  the  American  Indians  long  before  1492 
and  they  were  staple  items  of  their  diet.  It  is  generally  thought  to  have  been 
domesticated  first  in  central  America  or  Mexico  so  that  an  early  movement  from 
north  to  south  is  likely.  Introduced  to  India  from  South  America  by  foreign 
navigators  and  emissaries.  Pumpkin  is  grown  throughout  India.  In  India,  C.  moscbata 
or  field  pumpkin  is  more  widely  distributed  than  other  species.  As  it  tolerates 
hotter  conditions  than  the  other  cultivated  species  of  Cucurbita,  it  is  the  most 
widely  grown  throughout  the  tropics  of  both  hemisphere  today. 

Area  and  production 


States 

Area  (ha) 

Production  (t) 

Assam 

3,518 

6,266 

Orissa 

38,645 

5,13,980 

Punjab 

300 

9,000 

Rajasthan 

674 

3,533 

43,137 

5,32,779 

Source:  PDVR,  Tech.  Bulletin  14  (1991) 


Botany 

The  genomic  structure  of  C.  moscbata  is  AABB  indicating  that  it  is  an 
amphidiploid.  The  genus  Cucurbita  comprises  about  27  species  of  both  wild  and 
cultivated  having  the  same  chromosome  number  of  2n=40.  There  are  five  cultivated 
species  C.  moscbata  (Duch.  ex  poir.) — Pumpkin,  C.  pepo  L. — summer  squash,  C. 
maxima  Dutch — winter  squash,  C  mixta  Pang  (C.  angyrosperma) — winter  squash 
and  C  ficifolia  Boucha — fig  leaf  gourd  or  Malabar  gourd. 
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The  wild  forms  of  cucurbita  are  classified  into  (a)  Xerophytic  forms — C.  digitata, 
C.  palmata,  C.  cylindiata,  C.  foetodissima  and  (b)  Mesophytic  forms— C.  ficifolia, • 
C.  sororia ,  C.  lundelliana.  Pumpkin  (C.  moshcatd)  appears  to  be  more  closely  related 
to  xerophytic  forms  and  is  considered  as  the  axis  through  which  the  species  under 
xerophytic  forms  are  related  to  each  other.  The  mesophytic  forms  are  mosdy  cross 
compatible  and  C.  lundelliana  is  seen  as  the  key  species  in  this  group.  The  role  of 
wild  species  in  the  evolution  of  cultivated  species  still  remains  obscure.  C.  lundelliana 
and  C.  mortinezii  are  to  some  extent  cross  compatible  with  the  cultivars.  They  are 
vigorous,  lush  plants  bearing  small  fruits  with  tough  rind,  bitter,  coarse  and  stringy 
flesh  and  abundant  seeds.  The  evidence  that  the  complex  of  5  cultivated  species 
derived  from  these  small  bitter  gourds  is  suggestive  but  by  no  means  decisive.  C. 

lundelliana  has  wide  spectrum  of  compatibility  with  the  cultivated  species  particularly 
C.  moschata. 

Among  the  five  cultivated  species,  C.  moschata  (pumpkin),  C.  pepo  (summer 
squash)  and  C.  maxima  (winter  squash)  are  of  great  economic  importance.  There 
is  a  lot  of  confusion  in  the  common  epithets  like  squash,  pumpkin,  marrow  etc. 
and  more  than  one  common  name  is  ascribed  to  any  one  botanical  species. 
Horticulturally,  however,  squash  cultivars  are  divided  into  two  classes,  ‘bush’  and 
‘vimng’.  The  bush  squash  do  not  store  well  and  are  commonly  called  summer 
squash  and  the  vimng  group  includes  winter  squash  and  pumpkin. 

Flavanoids,  protein  and  isozymes  are  currendy  considered  as  useful  taxonomic 
markers  to  classify  phylogenetic  relationship  in  Cucurbita  species.  Isozyme  studies 
in  C.  moschata  revealed  that  there  are  28  loci  conditions  in  the  isoenzymic 
phenotypes  and  this  result  together  with  the  high  chromosome  number  in  the 
genus  (2n-40)  are  taken  as  proofs  for  the  allotetraploid  origin  of  Cucurbita.  The 
plant  is  a  monoecious  annual  trailing  herb. 

The  stem  is  thick  angular  5  sided  devoid  of  prickly  or  hairy  covering.  They  are 
branched  and  prostrate  in  habit  with  branched  tendrils.  The  trailing  vine  strikes 
roots  at  every  node.  Leaves  are  simple,  deeply  or  shallowly  5  lobed,  non-hirsute 
and  soft  textured,  velvety,  oflen  with  mottled  or  whitish  blotches.  Flowers  are 
unisexual,  solitary  or  fasciculate  and  are  lemon-yellow  to  deep-orange  in  colour. 
Sepals  are  5  in  number,  lobed  and  adnate  to  the  ovary,  the  calyx  lobes  are  superior. 
Corolla  is  campanulate,  5  lobed  half  way  down  and  gamopetalous  and  stamens  are 
three  with  free  anthers.  Ovary  is  inferior  and  three  carpellary.  The  fruit  is  a  fleshy 
many  seeded  pepo  and  varies  in  shape,  colour,  flavour  and  taste.  The  familiar  ones 
have  pale -reddish-brown  skin  ribbed  or  smooth  with  ridged  peduncles  enlarged  at 
the  region  of  attachment.  They  have  hard  rind  with  smooth  surface.  The  skin  may 
be  ribbed  or  smooth.  The  varying  shapes  are  flat,  round,  oval,  globular,  oblong, 
elongate  etc.  The  skin  colour  is  usually  green  in  immature  and  brownish-yellow 
when  mature.  Flesh  is  yellow  to  orange  in  colour  and  ranges  from  pale-yellow  to 
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crimson.  Fruit  has  hollow  cavity  and  contains  a  sweet  Fine  grained,  gelatinous 
substance  sticking  to  seed.  Mature  or  ripe  fruits  have  strong  flavour  and  long 
keeping  quality.  The  weight  of  the  fruit  may  range  from  as  low  as  1kg  to  as  high  as 
20kg.  Seeds  are  numerous,  flattened,  greyish-white  to  tan  in  colour  with  dark 
marginal  bands. 

The  distinguishing  morphological  characters  Wong  four  cultivated  species  of 
Cucurbita  given  in  Table  1. 

Crop  improvement 

I  he  improvement  work  in  pumpkin  has  been  undertaken  with  the  following 
oDjectives.  (l)  To  develop  early  maturing  variety  (ii)  development  of  high  yielding 
varieties  with  high  female  to  male  flower  ratio  (iii)  to  develop  varieties  with  high 
carotenoids  (iv)  fruits  with  yellow  or  mottled  and  non  mottled  rind  which  are 
more  attractive  (v)  fruits  with  thick  flesh  and  narrow  seed  cavity  (vi)  fruit  shape 
having  high  flesh  recovery  per  volume  of  fruit  from  yield  point  of  view  (vu)  medium 
vine  characteristics  (vm)  high  yield  expressed  in  terms  of  weight  and  number  of 
fruits  (ix)  resistance  to  disease  and  insect-pest. 

The  most  popular  cultivar  in  C.  moschata  is  the  butternut  squash  with  fruits 
relatively  small,  cylindrical  with  pronounced  bulb  surrounding  the  seed  cavity  and 
bright-orange  flesh.  IARI,  New  Delhi,  NDAUT,  Faizabad,  IIHR,  Bangalore,  TNAU, 
Coimbatore,  KAU  \  ellanikkara  and  PAU,  Ludhiana  centres  are  engaged  in  pumpkin 
improvement  work. 

Breeding  methods 

I  umpkin  is  highly  cross  pollinated  due  to  monoecious  nature  and  entomophily. 
No  inbreeding  depression  has  been  observed  due  to  the  fact  that  the  original  form 
of  cucurbits  is  hermaphrodite.  Estimation  of  variability,  hentability  and  correlation 
among  polygenic  characters  are  important  to  choose  appropriate  breeding  methods 
to  improve  specific  characters.  Significant  variability  for  fruit  yield,  length  of  main 
ane  and  weight  of  first  mature  fruit  is  observed.  The  length  of  main  vine  and  the 
average  fruit  weight  had  the  maximum  direct  effect  on  yield.  Flesh  thickness  had 
maximum  positive  correlation  and  direct  effect  on  the  weight  of  fruit.  Carotene 
content  is  independent  of  fruit  yield.  The  main  objectives  of  breeding  are  high 
yield,  thick  nnd,  thick  flesh,  high  carotene  content,  high  TSS  of  fruit  and  resistance 
to  pest  and  diseases. 

In  the  absence  of  inbreeding  depression,  selfing  can  be  done  to  develop  uniform 
strains  from  heterogeneous  open  pollinated  cultivars.  Pedigree  and  mass  selection 
procedures  are  used  to  bred  improved  more  uniform  strains  of  open  pollinated 
cultivars.  In  pedigree  method,  individual  plants  are  selected  from  F2  and  subsequent 
generations  and  their  progenies  are  tested.  Most  of  the  varieties  are  developed  by 
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Varieties  developed 


Name 

Source 

Remarks 

Arka 

Suryamukhi 

IIHR,  Bangalore 

A  variety  of  C.  maxima.  It  is  a  selection  from  a  foreign 
introduction.  Fruits  are  small  (1-1. 5kg)  round  with 
flat  ends  and  deep-orange  with  streamy  streaks  on 
the  rind.  Flesh  is  firm  and  orange-  yellow  in  colour. 
Keeping  and  transport  qualities  are  good.  It  is  also 
resistant  to  fruit  fly  ( Daucus  cucurbitae).  It  yields  36 
tonnes/ha  in  100  days  duration. 

Arka 

Chandan 

IIHR,  Hessargatta 

A  selection  from  Rajasthan  collection  (IIHR  105). 
Fruits  are  medium  in  size  (2-3  kg),  round  with  blos¬ 
som  end.  Rind  colour  is  light-brown  with  creamy- 
patches  at  maturity.  Flesh  is  thick,  firm,  sweet  (TSS 
8-10%),  bright-orange  and  rich  in  carotene  (3331 
iu/1  OOg  of  flesh)  and  keeping  qualities  are  good  and 
has  got  pleasant  aroma.  Fruits  mature  in  120  days 
and  yield  32.5  tonnes/ha. 

CO  1 

TNAU,  Coimbatore 

A  local  collection  with  late  maturing  large,  sized  (7- 
8  kg)  globular  fruits  with  a  characteristic  broad  proxi¬ 
mal  end.  The  destal  end  will  be  slightly  tapering  to 
form  a  tip.  Immature  fruits  are  dark-green  in  colour 
and  turns  to  brownish-orange  after  full  maturity.  Fruit 
number  per  plant  is  7-9  and  flesh  thickness  is  4-5 
cm.  Yield  30  tonnes/ha  and  duration  1 50-1 60  days. 

CO  2 

TNAU,  Coimbatore 

A  local  selection  with  small  flat  fruits  (1.5-2. 0kg). 
An  early  maturing  type  (135  days)  and  yield  about 
23-25  tonnes/ha  each  plant  produces  10-12  fruits. 
Fruit  colour  is  green. 

Ambili 

KAU,  Vellanikkara 

A  pure  line  selection  from  a  local  cultivar  of  Thrissur. 
A  vigorously  growing  variety  having  flat  round  fruits 
of  medium  size  (5-6  kg)  with  shallow  grooves.  Im¬ 
mature  fruits  are  green  and  turns  tan  coloured  dur¬ 
ing  during  maturity.  Leaves  are  characterized  by 
white  spots  on  the  upper  surface  of  the  lamina.  Flesh 
thickness  is  4cm  and  yield  potential  is  34  tonnes/ha 
and  matures  in  130  days. 

Pusa  Biswas 

IARI,  New  Delhi 

A  local  selection  of  the  line  'CM  10'  A  vigorously 
growing  variety  having  dark-green  leaves  with  white- 

spots  veins,  Fruits  are  spherical  medium  (5kg)  and 
light-brown  with  thick  golden-yellow  flesh.  Matures 
in  120  days  and  yeild  potential  is  20  tonnes/ha. 

Pusa  Vikas 

IARI,  New  Delhi 

A  small  fruited  semi  dwarf  to  dwarf  type.  The  fruits 
are  small  (2.0kg),  round  and  flat  with  yellow  flesh. 
Highly,suitable  for  cultivation  in  spring-summer  sea¬ 
son  in  North  India.  Its  yield  potential  is  30  tonnes/ha. 

this  method.  In  mass  selection,  a  large  number  of  plants  of  similar  phenotype  are 
selected  and  their  seeds  are  mixed  together  to  constitute  the  new  variety. 
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Heterosis  has  been  reported  for  earliness,  fruits/plant,  fruit  weight  and  weight 
of  seeds/plant.  Yield  increase  upto  80%  has  been  reported.  For  the  production  of 
Fj  hybrid  seeds,  the  methods  adopted  are: 

Emasculation  and  band/insect  pollination:  Since  male  flowers  are  large  with 
long  pedicels  and  fewer  in  number,  they  can  be  detected  and  removed  from  female 
parent  easily.  Male  and  female  parents  are  planted  in  the  ratio  of  1  :  10  in  isolation 
fields.  Male  flowers  are  pinched  off  as  soon  as  they  appear  from  female  parent  and 
either  hand/insect  pollination  is  resorted  to  produce  hybrid  seeds.  Genetic  male 
sterility  has  also  been  reported  in  pumpkin.  Two  male  sterility  genes,  viz.  ms  1  and 
ms  2  have  been  reported  in  Cucurbita. 

Tetraploid  (2n=80)  of  four  Japanese  varieties  of  C.  moschata  were  produced 
through  colchicine  treatment  (one  drop  of  0.2-0.4%  solution  was  applied  for  5-7 
days).  Tetraploids  had  larger  epidermal  and  stomatal  cells,  grater  thickness,  fruits 
four  times  heavier,  larger  seed,  increased  sugar  content,  delayed  ripening  and  in¬ 
creased  resistance  to  cold  and  drought.  A  reduction  (35%)  in  fertility  was  observed. 

Interspecific  hybridization :  This  method  has  also  been  successfully  utilized  in 
crop  improvement.  Breeders  have  long  been  interested  in  interspecific  crosses 
among  major  Cucurbita  spp.  Whitaker  and  Davis  (1962)  concluded  that  C.  moschata 
occupies  a  central  position  among  the  annual  species  and  can  be  crossed  with 
difficulty  with  C.  pepo,  C.  maxima  and  C.  mixta.  Embryo  culture  and  or 
amphidiploidy  were  suggested  to  overcome  poorly  developed  embryo  and  F!  sterility 
usually  encountered  in  these  crosses.  They  indicated  that  the  likelihood  of  success 
varied  with  cultivars  of  the  ‘Butternut’  group  of  C.  moschata  with  C.  pepo  ‘Delicata’. 
Munger  (1990)  maintained  interspecific  population  obtained  through  tissue  culture 
from  Tantee  Hybrid’, a  yellow  straight  neck  summer  squash  (C.  pepo)  pollinated  by 
‘Butternut’  (C.  moschata). 

Fi  hybrids  can  be  obtained  from  most  interspecific  mating  between  C.  pepo,  C. 
mixta,  C.  moschata  and  C.  maxima.  But  such  hybrids  are  normally  sterile.  Some  of 
the  amphidiploid  lines  of  C.  maxima  x  C.  moschata  have  been  found  to  be 
reasonably  fertile.  Good  flesh  quality  characters  can,  therefore,  be  transferred  from 
C.  maxima  to  C.  moschata  and  resistance  to  squash  bug  and  squash  vine  borers 
from  C.  moschata  to  C.  maxima. 

Bridging  species  can  be  used  to  circumvent  sterility  in  interspecific  crosses. 
Whitaker  found  that  C.  lundelliana  could  be  crossed  with  the  cultivated  species  of 
Cucurbita.  Thus  C.  lundelliana  can  serve  as  a  bridge  to  transfer  genes  between 
species  that  are  difficult  to  cross. 

Resistance  breeding:  It  is  mainly  done  by  back  cross  method.  It  is  reported  that 
C.  foetidissima  was  a  good  source  of  resistance  to  three  viruses  and  that  C.  martinezzi 
was  resistant  only  to  two  viruses  but  could  be  used  to  transfer  resistance  to  CMV 
in  C.  moschata.  A  single  gene  when  homozygous  in  C.  moschata  confers  a  high 
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level  of  resitance  to  yellow  vein  mosaic  virus.  Artificial  inoculation  studies  confirmed 
resistance  of  CM  214  (Nigerian  Local)  to  pumpkin  mosaic  virus  and  yellow  vein 
mosaic  virus. 

CROP  PRODUCTION 
Soil 

A  deep  well  drained  loamy  soil  is  preferred.  Sandy  loams  are  good  for  raising 
early  crop  whereas  clay  loams  are  good  for  high  yield.  Both  should  be  with  ample 
organic  matter  content.  The  long  tap  root  system  is  adapted  to  its  growth  in  river 
beds.  They  are  sensitive  to  acidic  soils.  The  best  pH  should  be  6. 0-7.0. Soil- 
temperature  should  not  go  below  10°C  and  maximum  beyond  30  C,  the  optimum 
range  is  around  20°-25°C.  Soil-moisture  should  be  at  least  10-15%  above  the 
permanent  wilting  point. 

Climate 

Pumpkin  requires  a  long  and  warm  growing  season.  It  can  be  grown  in  relatively 
cooler  climates  than  the  other  cucurbits.  Short-days,  low-night  temperature  and 
high-relative  humidity  is  best  for  pumpkin  production.  The  plants  can  be  grown 
successfully  between  a  temperature  range  of  25°-30°C.  Above  40°C  and  below 
15°C  the  growth  of  the  plant  will  be  very  slow  and  the  yield  goes  down.  It  does  not 
tolerate  frost. 

Season 

This  crop  is  grown  in  summer  and  rainy  seasons.  In  south  and  central  India, 
where  winter  is  neither  severe  nor  long,  these  are  grown  almost  round  the  year.  In 
Tamil  Nadu,  pumpkin  is  sown  during  June-July  and  December-January.  In  Kerala 
the  best  time  is  October  even  though  it  can  be  grown  throughout  the  year.  The 
mosaic  incidence  will  be  less  during  this  time.  The  crop  is  sown  in  April-May  in 
hills  of  North  India  and  June-July  or  January-March  in  plains. 

Field  preparation 

The  field  is  ploughed  four  or  five  times.  Various  systems  of  cultivation  have 
been  adopted  depending  on  the  season.  In  summer  season,  pits  of  60cm  diameter 
and  45m  depth  are  taken  at  a  spacing  of  2m  in  rows  spaced  at  4.5m.  Furrows  c-an 
also  be  taken  at  4.5m  spacing.  Along  these  lines,  long  channels  of  60cm  width  are 
formed  for  irrigation.  In  rainy  season,  raised  beds  or  mounds  are  made  to  facilitate 
drainage.  The  pits  are  filled  with  a  mixture  of  farmyard  manure  (20-25  tonnes /ha) 
and  top  soil  and  basal  dose  of  fertilizers  are  mixed  with  the  soil. 

The  recommended  crop  spacing  in  Kerala  is  4.5  x  2m.  But  in  Tamil  Nadu  it  is 
2.5  x  2m.  In  Punjab  it  is  3m  x  60cm.  In  West  Bengal,  the  crop  is  sown  at  a  spacing 
of  3.4m  xl.8-2.5m. 
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Seeds  and  sowing 

It  is  a  direct  sown  crop.  The  recommended  seed  rate  varies  in  different  states. 
In  Kerala  and  Tamil  Nadu  it  is  1.0-1.5kg/ha,  while  in  Punjab  it  is  3-5kg/ha.  Two 
seeds  per  hill  are  sown  on  both  sides  of  raised  beds  or  furrows.  In  pits,  4-5  seeds 
are  sown  and  pits  are  pot  watered  till  germination.  The  seeds  germinate  in  7-8 
days  and  after  germination  2-3  healthy  seedlings  are  left  in  each  pit  and  other 
seedling  are  thinned  out.  After  germination  of  seeds,  the  pits  can  be  irrigated 
through  channels  once  in  three  days. 

Manures  and  fertilizer  application 

The  doses  of  manures  and  fertilizers  depend  upon  the  soil  type,  climate  and 
system  of  cultivation.  Various  recommendations  are  furnished  below: 


Nutrients  recommended  for  pumpkin  in  different  states  of  India 


State 

Nutrients  (kg/ha) 

N 

P 

K 

Punjab 

100 

50 

50 

Himachal  Pradesh 

150 

100 

50 

Karnataka 

100 

100 

40 

Madhya  Pradesh 

60 

50 

50 

Tamil  Nadu 

32 

24 

24 

Assam 

75 

80 

80 

Kerala 

70 

25 

25 

Well  rotten  farmyard  manure  is  applied  as  basal  dose  along  with  the  full  dose  of 
phosphorus  and  potash  and  half  dose  of  nitrogen.  The  remaining  N  is  to  be  applied 
in  two  equal  split  doses  at  the  time  of  vining  and  at  the  time  of  full  blooming.  In 
general,  high  N  under  high  temperature  condition  promote  maleness  in  flowering 
resulting  in  low  fruit  set  and  low  yield.  Excessive  vine  growth  can  be  pruned  manually 
to  promote  higher  female  to  male  ratio.  This  is  not  practiced  in  commercial  growing 
and  the  best  way  to  control  the  vine  growth  within  reasonable  limits  is  by  adjusting 
fertilizer  doses  and  frequency  of  irrigation.  It  is  better  to  complete  all  the  fertilizer 
applications  just  before  the  fruit  set. 

Use  of  growth  regulator 

A  growth  regulator  Ethrel  can  be  applied  to  increase  the  female  flower 
production  which  helps  to  increase  the  yield.  The  concentration  of  the  chemical  is 
very  important.  The  recommended  concentration  is  250ppm  (2.5ml  of  Ethrel  in 
10  litres  of  water).  The  first  spray  has  to  be  given  when  there  are  two-true-leaves 
(15  days  after  sowing).  This  is  repeated  once  in  a  week  for  3  more  times. 
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Interculture  and  weed  control 

During  initial  stages  of  growth,  irrigation  is  given  at  an  interval  of  3-4  days. 
During  flowering  and  fruiting  stages,  irrigation  should  be  given  on  alternate  days. 
Later  irrigation  may  be  given  at  5-7  days  intervals.  Excessive  irrigation  at  maturity 
is  not  desirable  as  it  may  adversely  affect  the  storability.  Regular  weeding  should  be 
done.  Herbicides  can  also  used  for  this  purpose.  According  to  Khurana  et  al.  (1988), 
pre-plant  incorporation  of  Besulide  @  4-6kg/ha  or  Alchlor  @  2.5kg/ha  as 
pre-emergence  can  be  used  for  weed  control  in  pumpkin.  For  trailing  pumpkin, 
dried  twigs  are  spread  on  the  ground.  During  the  time  of  manuring,  raking  of  soil 
should  be  done.  Then  the  plants  are  irrigated  immediately. 

Harvesting  and  yield 

The  pumpkin  crop  will  reach  maturity  in  about  75-180  days  after  seed  sowing 
depending  on  the  variety,  season  and  other  conditions.  It  is  better  to  harvest  at 
tender  stage  as  a  vegetable,  this  increases  the  yield.  But  for  storage  and  seed 
extraction,  it  should  be  harvested  only  after  full  maturity.  Fully  matured  fruits  have 
to  be  harvested  after  the  skin  colour  has  turned  completely  brown  from  green 
colour  and  the  pedicel  (fruit  stalk)  seperates  from  the  vine  or  dried.  Fully  matured 
fruits  have  a  long  storage-life  and  they  can  also  be  transported  easily  to  discani 
markets.  The  yield  varies  from  20-30  tonnes /ha  in  a  crop  duration  of  120-140 
days. 


Pointed  gourd 
(Trichosantkes  dioica  Roxb.) 

T  A  More  and  K  G  Shinde 


Origin  and  distribution 

Pointed  gourd,  commonly  called  'parwal*  ( TnchosanWes  dioica  Roxb.)  is  a 
perennial  cucurbit  culdvated  mostly  in  Bihar,  Bengal,  Madhya  Pradesh  ana  eastern 
Uttar  Pradesh.  Immature  fruits  of  this  plant  are  a  popular  vegetable.  It  originated 
from  India  or  the  Indo-Malayan  region.  Bengal-Assam  area  is  the  primary  centre 
of  origin  of  pointed  gourd. 

Immature  fruits  of  pointed  gourd  are  used  as  vegetables.  It  contains  2  /o  protein, 
0.3%  fat,  2.2%  carbohydrates,  153  iu  vitamin  A  and  29mg  vitamin  C  per  lOOg 
edible  portion.  The  fruits  are  used  in  making  curry  and  fried  and  for  making  pickles. 
A  famous  sweet  by  putting  the  fruits  in  sugar  syrup  is  made  in  India. 

Tnchosanthes  dioica  Roxb.  (2n=22)  (pointed  gourd)  is  a  dioecious  climber  with 
perennial  rootstock.  It  is  found  in  nature  and  also  cultivated  in  south  Asia.  The 


301 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


immature  fruits  are  used  as  a  vegetable  and  for  pickling.  The  fruit  is  smooth, 
fusiform,  and  8-1 2cm  long. 

The  fruit  is  particularly  recommended  during  convalescence.  It  is  easily  digested 
and  is  a  diuretic,  laxative,  and  cardiatomc.  It  is  recommended  also  for  bronchitis, 
biliousness,  and  high  fever  and  nervousness. 

Export  potential 

The  exact  data  of  quantity  of  export  of  pointed  gourd  is  not  available,  however, 
some  progressive  farmers  export  this  crop. 

Varieties 

Not  much  systematic  research  work  has  been  done  to  develop  the  improved 
varieties  in  pointed  gourd.  However,  some  improved  strains  are  developed  through 
selection  from  local  germplasm  in  India  which  are  grown  in  various  states.  These 
are  as  follows: 

Madhya  Pradesh 

West  Bengal 
Uttar  Pradesh 

Soil  and  climate 

It  can  be  grown  successfully  on  both  the  sandy  loam  and  loamy  soils.  The  soil 
should  be  well  drained  and  rich  in  organic  matter.  It  is  also  grown  in  the  riverbeds. 

It  is  a  warm  season  crop.  Hot  and  humid  climate  is  best  for  its  development. 
During  winter,  it  becomes  dormant  and  sprouts  again  in  summer.  Rainfall  is 
considered  very  good  for  this  crop. 

Seed  and  sowing 

In  order  to  plant  one  hectare  area  of  pointed  gourd,  about  2,000-2,500  cuttings 
are  required.  Pointed  gourd  is  vegetatively  propagated  through  vine  cuttings  and 
root  suckers.  Seed  propagation  is  avoided  in  pointed  gourd  because  of  poor  seed 
germination  and  since  it  is  dioecious  in  nature  produces  male  and  female  plants  in 
equal  proportion  if  they  are  planted  from  the  seeds.  In  other  words,  50%  plants  are 
non-fruiting  (i.e.  male  plants).  In  order  to  ensure  maximum  fruit  set,  and  yield  only 
10-12%  male  plants  are  maintained  in  the  garden  to  ensure  the  source  of  pollimzer 
and  remaining  plants  must  be  female  ones. 

Vine  cuttings  may  be  transplanted  in  August  upland  and  in  November  on 
riverbeds,  spaced  at  2  x  2m.  Vine  cuttings  are  folded  in  the  shape  of  a  ring  and 
planted  in  pits,  keeping  the  ends  above  ground.  Also  straight  vine  cuttings  are 


Green  oval,  green  long  striped  and  white  oval.  (In  this  state 
generally  pale-white  oval  cultivars  are  popular). 

Kazil,  Bombay  and  Damodar. 

Dandli,  Kalyani,  Gull,  Bihar  Shanf,  FP  5,  FP  4,  FP  1  and  FP  3. 
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planted  in  a  furrow  filled  with  farmyard  manure  and  soil,  keeping  the  cutting  ends 
above  ground.  Since  the  crop  is  dioecious,  after  every  10  female  plants,  a  cutting 
from  a  male  plant  may  be  planted.  In  root  cuttings,  roots  from  old  vines  are  dug  up 
and  planted  either  in  nursery  or  in  the  field. 

Fertilizers 

At  the  time  of  land  preparation  20-25  tonnes  of  farmyard  manure  per  ha  is 
mixed  with  the  soil  in  the  furrows  or  in  pits.  A  fertilizer  dose  of  90kg  of  N,  60kg  of 
P  O.  and  60kg  of  K,0  per  hectare  is  advocated  to  the  pointed  gourd. 

"  Weeding  should  be  done  only  when  plants  have  sprouted  and  are  well  set.  Shallow 
interculture  operations  should  be  followed.  Water  should  be  given  as  and  when 
required.  Early  irrigation  should  be  done  more  frequently.  During  the  rainy  season, 
less  irrigation  is  required.  Training  the  crops  over  bowers  gives  high  yields.  Picking 
also  becomes  very  easy  if  the  vines  are  trained. 

Harvesting  and  yield 

Pointed  gourd  is  ready  for  harvest  in  80-90  days  after  planting.  Harvesting 
should  be  done  when  the  fruits  are  immature,  tender  and  still  green.  Picking  should 
be  done  frequently  so  that  maximum  fruits  could  be  harvested  from  a  vine.  Yield 
varies  from  6-8  tonnes /ha  in  the  first  year,  while  it  may  increase  to  14-15  tonnes/ 
ha  during  the  second  year. 

Storage  and  marketing 

Fruits  after  harvesting  can  be  stored  under  ordinary  conditions  for  about  3-4 
days.  Fruits  are  sent  to  the  markets  in  the  baskets  or  gunny  bags. 


Ivy  gourd 
(Coccinia  indica  L.) 

T  A  More  and  K  G  Shinde 


Origin  and  distribution 

Ivy  gourd  or  little  gourd  kundsru  {Coccinia  indica  L.)  is  a  cucurbitaceous  vegetable 
crop  believed  to  have  its  origin  in  India.  It  is  grown  in  most  parts  of  India,  Tropical 
Africa  and  central  America,  China,  Malaysia  and  other  tropical  countries.  The  fruits 
are  smooth,  light-green  in  colour.  It  is  most  commonly  used  as  a  vegetable  in 
southern  and  central  India.  Both  the  immature  and  mature  fruits  are  used  for 
cooking.  The  fruits  are  rich  source  of  carbohydrates,  proteins,  vitamins  A  and  C. 
The  leaves  are  also  used  in  some  parts  of  India  for  their  medicinal  value.  Ivy  gourd 
is  a  dioecious  in  nature. 
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The  genus  is  included  in  the  subtribe  Benincasicae  (Sr.)  C.  Jeffr.  Tribe  Benincaseae 
Ser.,  and  subfamily  Cucurbitoideae.  It  has  about  30  species  in  the  Old  World,  most 
in  Africa.  One  species  is  cultivated. 

Coccinia  indica  Wight  and  Arn.  (2n=24)  (synonym:  C.  cordifolia  Cogn., 
C ip h lan dr a  indica  Naud.)  (ivy  gourd,  little  gourd,  scarlet  gourd)  is  a  climbing 
perennial  occurring  naturally  throughout  India  and  tropical  Africa  and  has  long, 
tuberous  roots.  The  immature  fruits  and  tender  shoots  are  used  as  a  vegetable. 
Fruits  are  ovoid  or  elliptic,  about  4— 5cm  long,  and  1— 2cm  in  diameter.  They  are 
smooth  and  bright-green  with  white  stripes  when  immature  and  scarlet  red  when 
ripe. 

Soil  and  climate 

The  ideal  soil  for  little  gourd  is  well  drained  and  fertile.  Sandy  loam  or  loamy 
soils  with  perfect  drainage  and  ample  nutrient  supply  favour  better  growth  and 
production  of  excellent  quality  fruits. 

It  is  a  warm  season  vegetable  and  bears  excellent  crop  during  summer  and  the 
rainy  season  when  the  climate  is  warm.  It  can  also  tolerate  cold  during  winter 
months,  producing  few  fruits.  For  best  growth,  it  needs  a  warm  and  moist-climate. 
In  northern  parts  of  India  due  to  severe  cold  the  plants  go  under  rest  and  as  such 
produce  fruits  only  once  in  a  year  but  in  the  places  were  mild  winter  is  prevalent 
like  in  southern  India,  the  plants  remain  in  vegetative  phase  and  thus  produce 
fruits  in  2-3  flushes.  However,  there  are  two  fruit  peaks,  i.e.  in  summer  and  rainy 
seasons. 

Seed  and  sowing 

It  is  propagated  through  stem  cuttings.  The  cuttings  of  about  25cm  long  and 
pencil  thickness  taken  relatively  from  older  shoots  which  root  better  and  produce 
an  early  crop.  Planting  is  preferably  done  during  June-July  and  February-March. 

Cuttings  are  taken  from  healthy  plants  during  the  rainy  season  and  planted  in 
basins  prepared  after  deep  ploughing  and  harrowing.  Basins  60-75cm  in  diameter 
are  made  2m  apart  on  both  the  sides.  Two  cuttings  are  planted  in  each  basin  to 
obtain  one  plant.  It  is  necessary  to  keep  at  least  one  bud  below  the  soil  surface  for 
producing  roots.  Usually  10-15  days  are  required  for  cutting  to  sprout  and  start 
growing.  To  get  good  yields,  5-10%  of  the  vines  of  the  male  type  should  be  planted 
in  the  field. 

Training  and  pruning 

\oung  plants  require  support  to  keep  their  shoots  growing  upright,  since,  the 
new  shoots  are  delicate.  For  a  commercial  crop,  plants  are  trained  on  a  bower 
system  constructed  to  suit  the  growth  of  vine.  The  plants  are  supported  by  stakes 
so  that  they  grow  straight  to  the  bowers  and  spread  their  branches.  The  branches 
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need  to  be  properly  trained  on  the  bower.  The  central  shoots  growing  from  the 
main  stem  below  the  bower  should  be  removed  in  order  to  encourage  shoots  on 
the  bower.  Dead  or  diseased  shoots  are  removed  as  and  when  necessary.  No  regular 
pruning  is  necessary  after  the  vines  ae  established. 

Nutrient  requirement 

The  application  of  two  baskets  of  well  rotten  farmyard  manure  per  vine,  three 
times  a  year  is  adequate  to  provide  the  needed  quantity  of  nutrients.  In  South 
Gujarat,  45kg  N/ha  in  the  form  of  castor  or  groundnut  cake  or  well  rotten  farmyard 
manure  is  applied  at  the  time  of  fruiting.  In  the  second  year,  the  same  doses  of 
manures  and  fertilizers  are  again  applied. 

Irrigation 

Crop  should  be  irrigated  and  once  a  week  during  hot  months.  No  irrigation  is 
needed  during  the  rainy  season.  Water  stagnation  should  be  avoided  at  all  times. 
Proper  moisture  should  be  supplied  during  flowering  and  fruit  setting  stages.  During 
rooting  of  the  cuttings  adequate  soil-moisture  is  necessary. 

Weeding 

Weed  growth  should  be  checked  by  regular  hoeing  and  weeding  without 
disturbing  the  growth  of.  vines.  Shallow  hoeing  should  be  done  so  that  the  feeding 
roots  are  not  disturbed. 

Harvesting  and  yield 

Ivy  gourd  fruits  are  produced  almost  throughout  the  year.  In  places  where  the 
winter  is  relatively  severe,  fruit  yield  during  this  period  is  reduced.  The  stage  of 
harvesting  is  determined  by  change  in  colour  from  dark-green  to  bright-  or  light- 
green.  The  tender  and  fully  grown  fruits  are  harvested  carefully  so  that  no  injury  is 
caused  to  the  vines. 

Under  ideal  conditions,  approximately  8— 10kg  of  fruits  can  be  harvested  per 
vine  per  year.  Nevertheless,  an  average  of  200-300  fruits  weighing  3-4kg  can  be 
harvested  per  vine  per  year.  These  fruits  can  be  shipped  to  long  distances  or  stored 
for  up  to  2  weeks  at  room  temperature.  About  10-12  tonnes  yield  can  be  obtained 
from  one  hectare  area. 


Ash  gourd 

[Benincasa  hispida  (Thunb.)  Cogn.] 

T  A  More  and  K  G  Shinde 


Origin  and  distribution 

Ash  gourd  [Benincasa  hispida  (Thunb.)  Cogn.]  is  believed  to  have  originated  in 
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Java  and  Japan,  is  widely  cultivated  in  India  and  several  tropical  countries.  Ash 
gourd  or  wax  gourd  or  white  gourd  is  known  as  Petha  kaddu.  It  is  mainly  grown  in 
North  India,  especially  in  Uttar  Pradesh,  where  it  is  used  in  the  preparation  of 
Petha  sweet.  Agra  Petha  is  famous  all  over  India.  Fruits  contain  0.4%  protein,  1.9% 
carbohydrates,  0.3%  minerals  and  traces  of  vitamin  A,  B  and  C  per  100g  edible 
portion.  Ash  gourd  is  considered  good  for  people  suffering  from  nervousness. 

There  are  two  types  of  ash  gourd,  purple-green  and  green.  They  are  also  classified 
as  round  and  oblong  types.  Ash  gourd  is  an  annual  hispid  (rough  with  bristle-like 
hairs),  climbing,  herbaceous  monoecious  plant  varying  several  meters  in  length. 
The  leaves  are  broad  with  5—11  angular  lobes.  The  staminate  flowers  have  long 
peduncles,  the  pistillate  flowers  have  densely  haired  ovaries  on  short  peduncles. 
The  carolla  has  five  large  yellow  petals. 

Benincasa  is  a  monospecific  genus  belonging  to  the  tribe  Benincaseae  Ser., 
subfamily  Cucurbitoideae.  It  is  distributed  in  south  and  south-east  Asia. 

Benincasa  hispida  (Thunb.)  Cogn.  (2n=24)  (wax  gourd,  ash  gourd,  white  gourd, 
Chinese  preserving  melon)  is  cultivated  throughout  the  tropical  and  subtropical 
regions  of  Asia,  including  south  China.  It  is  primarily  grown  for  its  young  and 
mature  fruits,  which  are  consumed  as  such  or  used  to  make  sugar  candies.  The 
tender  leaves  and  buds  are  also  used  as  vegetable.  Benincasa  hispida  has  been  reported 
to  occur  in  the  wild  stage  in  Indonesia  (Java). 

Ash  gourd  is  an  extensive  trailing  or  climbing  annual  herb.  Its  fruits  are  broadly 
cylindrical  or  spheroidal  in  shape,  25-40cm  long,  and  15-25cm  in  diameter.  The 
flesh  is  white  and  the  fruit  contains  numerous  compressed  and  margined  seeds. 
The  surface  of  the  fruit  is  covered  with  a  bluish-white,  ‘waxy’  ash.  The  fruit  has  a 
long  shelf-life. 

Varieties 

CO  1:  Medium  duration,  fruits  globular  weighing  5-6kg  with  less  seeds.  Six  to 
eight  fruits  are  borne  on  a  vihe.  The  crop  duration  is  140  days.  Released  by  Tamil 
Nadu  Agricultural  University,  Coimbatore. 

CO  2:  Early  maturing  (120  days),  fruits  small  weighing  3kg,  long  spherical- 
shape,  less  seeds  (around  200-300  seeds),  light-green  coloured  flesh,  higher  yielder 
than  CO  1.  Released  by  Tamil  Nadu  Agricultural  University,  Coimbatore. 

Mudliar :  Fruits  are  big,  pale-green  in  colour.  It  is  recommended  for  Tamil 
Nadu  by  Tamil  Nadu  Agricultural  University,  Coimbatore. 

Soil  and  climate 

Well  drained  sandy  loam  soils  with  high  organic  matter  are  considered  best  for 
Ash  gourd.  The  optimum  soil  pH  is  6.0-7.0.  This  crop  requires  a  warm  and  humid 
climate.  It  can  be  grown  in  milder  climates,  but  it  is  sensitive  to  frost.  The  optimum 
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temperature  requirement  is  24°-30DC.  Short-days,  low-night  temperatures  and 
humid  climate  are  good  for  production  of  female  flowers. 

Season 

This  crop  can  be  grown  in  both  the  summer  and  rainy  seasons.  It  is  commonly 
grown  in  February-March  on  the  river  bed  cultivation.  Planting  time  is  June-July. 

Seed  and  sowing 

The  seed  rate  for  ash  gourd  is  5-7kg/ha.  The  seeds  are  sown  on  raised  bed  or 
in  furrows  or  in  pits.  Two  seeds  per  hill  are  sown  on  both  sides  of  a  raised  bed, 
whereas  3-4  seeds  are  sown  per  pit. 

Spacing 

Row  to  row  spacing  of  1.5-2.5m  and  plant  to  plant  spacing  of  60-1 20cm  are 
recommended  for  ash  gourd. 

Nutrient  requirement 

Well  rotten  farmyard  manure  at  the  rate  of  15-20  tonnes/ha  is  applied  to  the 
field  at  the  time  of  preparation  of  land.  Fertilizer  dose  of  45-60kg  N,  50-60kg 
P2O5  and  60-80kg  K20/ha  is  recommended  for  this  crop. 

Irrigation 

For  summer  crops,  regular  and  frequent  irrigation  is  needed  during  the  vegetative 
phase.  Intervals  between  irrigations  may  be  maintained  at  6-7  days  depending 
upon  the  season  and  soil  type.  When  crop  mature,  irrigation  intervals  may  be 
increased.  Less  irrigation  is  needed  for  rainy  season  crop. 

Weeding 

Hand  weeding  may  be  done  15-20  days  after  seed  sowing.  The  crop  should  be 
kept  weed  free  for  better  growth.  A  total  of  4-5  hand  weedings  are  needed  for  the 
whole  crop  season. 

Harvesting  and  yield 

Ash  gourd  starts  flowering  60-80  days  after  planting.  Both  the  immature  and 
mature  fruits  are  harvested.  After  anthesis,  the  fruits  are  harvested  in  about  a  week 
for  immature  fruits  and  after  30-40  days  for  mature  fruits.  Immature  fruits  need 
to  be  send  to  the  market  early  after  harvesting.  The  mature  fruits  are  harvested  and 
stored.  The  fruit  at  maturity  have  a  white  waxy  surface.  There  is  a  more  wax  bloom 
on  ripening  fruit  and  the  peduncle  withers.  Average  yield  of  ash  gourd  is  10-15 
tonnes/ha. 
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Storage 

The  fruits  have  good  storage  quality  and  can  be  transported  long  distance  via 
truck.  The  fruit  is  mainly  purchased  by  the  confectioners,  who  use  them  to  prepare 
‘Petha’.  Ash  gourd  can  be  stored  longer  than  any  other  cucurbits. 


Chow-Chow 
(Sechium  edule  Swartz.) 

Chow-chow  or  chayote  [Sechium  edule  Swartz.)  is  an  herbaceous  perennial  climbing 
monoecious  vine  indigenous  to  southern  Mexico  and  central  America.  It  grows  up 
to  13m  or  more  in  length  and  has  large  shallow  lobed  leaves  producing  both  male 
and  female  flowers  in  the  same  leaf  axil.  It  is  grown  principally  for  its  pear-shaped 
fruits,  which  are  cooked  many  ways. 

It  belongs  to  the  subtribe  Sicyinae  C.  Jeffr.,  tribe  Sicyeae  Schrad.,  sub-family 
Cucurbitoideae.  The  genus  was  long  considered  to  be  monospecific,  but  currently, 
eight  species,  all  distributed  in  central  America,  are  recognized.  One  species,  S. 
edule,  is  widely  cultivated.  Sechium  edule  (Jacq.)  Sw.  (2n=24)  (chayote,  choco, 
cristophine  chow-chow)  is  a  perennial,  monoecious  climber  with  large  tuberous 
roots.  The  fruits,  tubers,  seeds,  and  leaves  have  long  been  used  by  the  native 
Americans.  The  seeds  are  even  considered  a  delicacy.  Chayote  has  now  spread 
throughout  the  tropics  and  subtropics. 

The  fruits  are  fleshy  and  pyriform  with  longitudinal  furrows,  about  10-20cm 
long,  and  contain  a  single,  large,  flat  seed  about  5  X  3cm. 

Varieties 

Variations  in  fruit  shape  and  colour  occur  in  chow-chow  and  cultivars  like  Round 
White,  Long  White,  Pointed  Green,  Broad  Green  and  Oval  Green  are  met  with.  In 
Bangalore  region,  two  types  green  and  creamy-green  are  grown.  In  North-East 
India,  these  types  are  met  with,  besides  minor  variations  in  the  fruit  shape. 

Chow-chow  grows  well  in  loose,  well  drained  soil  high  in  organic  matter.  The 
optimum  pH  is  5. 5-6. 5.  A  mature  fruit  containing  a  single  germinating  seed  is 
planted  to  a  depth  of  two  thirds  of  its  length  in  prepared  panting  holes,  with  the 
widest  end  downwards.  Fruit  used  for  seed  should  be  carefully  handled,  not  stored 
at  <10°C,  and  planted  without  much  delay.  The  single  seed  is  located  near  the 
broad  end  of  the  pear-shaped  fruit.  Plant  or  seeds  are  placed  in  hills  spaced  2m 
and  rows  3.5m  apart.  Plant  require  support  by  poles  or  a  trellis. 

The  vines  start  flowering  in  about  3-4  months  and  production  is  continuous. 
In  Bangalore  regions,  planting  is  done  all  round  the  year,  but  preferably  in  July. 
Planting  is  done  in  pits  or  basins  of  45-60cm  diameter  which  are  spaced  at  1.8  x 
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2.4m.  The  pits  are  well  manured  before  planting  with  10— 15kg  of  cattle  manure 
per  pit  and  sometimes  seedlings  are  raised  in  pots  are  transplanted.  They  are  staked 
to  reach  the  trellis.  Under  Banglore  conditions,  fruiting  is  all  round  the  year.  A  well 
grown  plant  of  about  one  year  yields  500-600  fruits  per  year.  The  fruit  weighs 
200— 450g.  In  North-East  India  fruits  are  slightly  bigger.  Yield  of  20-25  tonnes/ha 
has  been  recorded  in  Meghalaya.  The  crop  is  semi-perennial,  lasting  3-4  year. 


Ridge  (Luffa  acutangula  Roxb.)  and 
Sponge  gourd  ( Luffa  cylindrica  Roem.) 

T  A  More  and  K  G  Shinde 


Area  and  production 

Ridge  and  sponge  gourds  are  grown  as  mixed  cropping  in  the  river  beds  and  as 
monocrop  in  the  garden  lands,  hence  the  exact  area  and  production  are  unknown. 
Nevertheless  the  estimated  area  under  all  the  gourds  is  4.05  lakh  hectares  in  our 
country. 

Economic  importance  and  uses 

Ridge  or  ribbed  gourd  (Luffa  acutangula  Roxb.)  and  sponge  gourd  or  smooth 
gourd  ( Luffa  cylindrica  Roem.)  belong  to  the  genus  Luffa  and  are  cultivated  both 
on  a  commercial  scale  and  in  kitchen  gardens  throughout  India.  Both  are  popular 
vegetables  both  as  spring-summer  and  rainy  season  crops.  The  genus  derives  its 
name  from  the  product  ‘loofah’,  which  is  used  in  bathing  sponges,  scrubber  pads, 
doormats,  pillows,  mattresses  and  also  for  cleaning  utensils.  Both  the  species  contain 
a  gelatinous  compound  called  luffein.  Both  ridge  and  sponge  gourds  have  some 
medicinal  uses. 

Fruits  of  ridge  gourd  are  ribbed  and  is  called  kali  tori  whereas  fruits  of  sponge 
gourd  are  smooth  and  is  called  ghia  ton.  Ridge  gourd  contains  0.5%  protein,  3.4% 
carbohydrates,  37mg  carotene  and  18mg  vitamin  C  per  lOOg  edible  portion.  The 
sponge  gourd  fruits  contain  higher  protein  and  carotene  than  ridge  gourd.  The 
fibre  of  dry  fruits  is  also  used  in  a  number  of  ways.  Some  round  varieties  of  ridge 
gourd  is  also  used  for  stuffing  purpose. 

Export  potential 

Among  the  gourd  vegetables,  only  bitter  gourd,  bottle  gourd  and  pointed  gourd 
have  export  potential.  No  information  is  available  on  export  of  ridge  and  sponge 
gourd.  The  varieties  exported  should  have  good  keeping  quality  and  good  in  colour, 
shape  and  size. 
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Crop  Improvement 

The  main  objectives  of  Luffa  breeding  are:  (i)  earliness,  (ii)  high  female:male  sex 
ratio;  (iii)  uniform  thin  cylindrical  fruits  free  from  bitterness,  (iv)  tender,  non- 
fibrous  fruits  for  longer  time,  (v)  high  fruit  yield  (high  fruit  number  and  weight) 
and  (vi)  resistance  to  powdery  mildew,  downy  mildew  and  insects. 

Origin,  distribution  and  taxonomy 

Luffa  has  essentially  old  world  origin  in  sub-tropical  Asian  region  including 
India. 

It  is  the  only  genus  of  the  subtribe  Luffinae  C.  Jeffr.,  tribe  Benincaseae  Ser., 
subfamily  Cucurbitoideae.  The  genus  includes  seven  species  :  four  paleotropic  and 
three  neotropic  in  distribution.  Two  species  are  cultivated,  L.  acutangula  Roxb.  and 
L.  cylindrica  Roem.  Both  have  been  in  cultivation  since  ancient  times. 

Luffa  acutangula  (L.)  Roxb.  (2n=26)  (angled  loofah,  ridge  gourd,  ribbed  gourd) 
is  an  annual  monoecious  climber.  It  is  also  seen  growing  as  an  escape  in  south  and 
east  Asia.  Young  fruits  are  used  as  vegetable.  The  fruits  are  15-40cm  long  and 
club-shaped,  the  surface  distinctly  ribbed. 

Luffa  cylindrica  M.J.  Roem.  (2n=26)  (synonym:  L.  aegyptiiaca  Mill.)  (sponge 
gourd,  towel  gourd,  smooth  loofah,  vegetable  sponge,  dish  cloth  gourd)  is  an 
annual,  monoecious  climber.  It  has  long  been  cultivated  in  South  and  south-east 
Asia.  The  fruit  is  20-50cm  long  and  almost  cylindncal  in  shape.  In  South,  southeast, 
and  East  Asia,  the  tender  fruits  are  eaten  fresh  or  more  commonly  cooked  and 
consumed  as  a  vegetable.  Sometimes,  the  tender  leaves  and  growing  shoots  are 
also  used  as  a  pot  herb. 

Breeding  methods 

The  flowers  of  ndge  gourd  like  those  of  bottle  gourd  start  anthesis  (opening)  in 
the  evening  and  remain  open  throughout  the  night  and  are  ready  for  selfing  and 
pollination  in  the  next  morning/ forenoon.  The  flowers  of  sponge  gourd  open  in 
early  morning  hours  (4. 0-8. Oam)  and  are  suitable  for  selfing/crossing  almost 
throughout  the  day. 

The  important  breeding  methods  used  for  improvement  of  ridge  gourd  and 
sponge  gourd  include:  (i)  inbreeding  and  selection  and  (ii)  hybridization — crossing 
of  complementary  parental  lines  and  handling  of  segregating  generations  through 
pedigree/bulk/backcross/single  seed  descent  method. 

VARIETIES 


Sponge  gourd 

Pusa  Cbikni:  A  selection  from  Bihar  collection.  Early  fruiting  variety,  flowering 
in  about  45  days.  The  fruits  are  smooth  and  dark-green  colour,  more  or  less 
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cylindrical,  15-20  fruits  per  vine,  suitable  for  both  spring-summer  and  rainy  seasons. 
Released  by  Indian  Agricultural  Research  Institute,  New  Delhi. 

Pbule  Prajakta:  It  is  a  selection  from  local  germplasm.  It  is  released  by  Mahatma 
Phule  Krishi  Vidyapeeth,  Rahuri  (Maharashtra).  It  is  suitable  for  summer  and  kharif 
season.  Fruits  are  medium  green,  flesh  white,  sutures  are  dark-green.  Yield  15 
tonnes/ha. 

Pusa  Supriya :  It  is  released  by  Indian  Agricultural  Research  Institute,  New  Delhi. 
It  is  suitable  for  summer  and  kharif  seasons.  Fruits  are  distinct,  pale-green,  medium- 
long,  1 5-20cm  long,  straight  and  slightly  curved  at  the  stem  end,  pointed  distal- 
end  with  long  peduncles,  smooth,  non-hairy,  slim,  narrow  green  linings  and  spots, 
tender  endocarp,  skin  very  thin,  on  an  average  10-12  fruits  weighing  a  kg.  The 
fruits  are  ready  for  first  picking  at  47-55  days  after  sowing.  A  fruit  weigh  about 
110g.  It  is  an  improvement  over  Pusa  Chikni.  It  gives  a  220%  more  yield  than  Pusa 
Chikni.  It  yields  8-9  tonnes/ha  during  spring-summer  and  10-11  tonnes/ha  during 
kharif  season.  ) 

Ridge  Gourd 

Pusa  Nasdar:  A  selection  from  Madhya  Pradesh  collection.  An  early  maturing 
variety,  producing  club-shaped  fruit,  producing  15—20  fruits  per  vine,  light-green 
in  colour.  Flowering  starts  in  60  days.  Released  by  Indian  Agricultural  Research 
Institute,  New  Delhi.  Suitable  for  summer  and  rainy  seasons.  Yields  15-16  tonnes/ha. 

CO  1:  It  is  an  early  bearing  variety.  Moderately  vigorous,  10-12  fruits  per  vine, 
weighing  3—4  fruits  per  kg.  The  fruits  are  long  60— 75cm  and  30cm  in  girth,  first 
harvest  in  55  days  from  sowing  and  it  is  completed  by  125  days.  Released  by  Tamil 

Nadu  Agricultural  University,  Coimbatore. 

SatpUtia:  This  is  a  cultivar  of  Bihar,  which  is  hermaphrodite  in  sex  form  and  it 
produces  smaller  fruits  in  clusters.  In  each  cluster  5-7  fruits  are  borne.  Fruits  are 
pale-green  in  colour.  Average  yield  20-25  tonnes/ha.  It  is  mainly  grown  in  Uttar 
Pradesh  and  Bihar. 

Konkan  Harita:  This  is  developed  by  Konkan  Krishi  Vidyapeeth,  Dapoli 
(Maharashtra)  through  selection.  It  gives  first  harvest  in  45  days  after  planting 
fruits  are  dark-green  in  colour,  30-45cm  long  and  tapering  at  both  the  ends.  Fruits 
have  good  market  value.  A  vine  produces  on  an  average  10-12  fruits. 

Punjab  Sadabahar:  The  plants  of  this  variety  are  medium  sized  with  dark- 
green  leaves.  The  fruit  long,  3-5cm  thick,  slim,  green,  ridged,  tender,  slightly  curved 
and  rich  in  protein.  This  variety  can  be  sown  from  May-July  and  gives  an  average 
yield  of  10  tonnes/ha.  Released  by  Punjab  Agricultural  University,  Ludhiana. 

IIHR  8:  This  is  developed  by  Indian  Institute  of  Horticultural  Research, 
Bangalore.  The  fruits  are  round  and  green  in  colour.  Each  vine  produces  40-45 
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fruits.  First  harvest  in  55  days  after  planting.  A  fruit  weighs  about  lOOg.  It  gives  an 
average  yield  of  40  tonnes/ha.  Besides  high  yield,  IIHR  8  is  moderately  resistant  to 
downy  mildew.  The  fruits  are  attractive  light-green  with  good  cooking  quality 
especially  for  stuffing  purposes. 

PKM  1:  It  is  suitable  for  kharif  and  summer  seasons.  The  crop  duration  is  160 
days.  Fruits  are  dark-green  in  colour.  The  average  weight  of  a  fruit  is  300g.  It  gives 
an  average  yield  of  28-30  tonnes/ha. 

Soil  and  climate 

Both  the  crops  can  be  grown  on  a  variety  of  soil  types.  Loamy  soils  are  considered 
best  if  there  is  a  good  amount  of  organic  matter  and  if  it  is  well  drained.  Soil 
should  have  good  moisture-holding  capacity  especially  in  summer  season.  A  well 
drained  soil  having  pH  6. 0-7. 5,  good  fertility  and  high  organic  matter  are  ideal  for 
cultivation  of  ridge  and  sponge  gourds. 

Both  the  crops  are  well  adapted  to  a  fairly  wide  range  of  climatic  conditions. 
Luffa  requires  a  long  warm  season  for  best  production.  It  also  grows  best  during 
the  rainy  season.  Optimum  temperature  requirement  for  these  crops  is  25°-27°C. 
Due  to  its  hard  seed  coat,  there  is  a  problem  with  seed  germination  when  the 
temperature  is  low.  Excessive  rainfall  during  the  flowering  and  fruiting  period 
reduces  the  yield  considerably. 

Season 

The  time  of  planting  usually  depends  upon  the  season,  location  and  market 
demand.  The  crop  is  grown  in  both  the  summer  and  rainy  seasons.  Summer  season 
crop  is  sown  in  January-February  and  rainy  season  crop  is  sown  in  June-July.  In 
areas  having  mild  winters  sowing  can  be  done  in  October,  which  gives  an  early 

crop  in  March.  In  river  beds,  in  northern  India,  sowing  is  done  in  November- 
january. 

Cropping  systems 

In  garden  land  areas  there  is  a  definite  systems  of  growing  cucurbits  in  rotation 
and  mixed  cropping. 

Preparation  of  field 

The  land  should  be  prepared  to  obtain  the  tilth  desirable  to  facilitate  rapid  and 
better  germination  As  per  requirement  of  the  crop  the  raised  beds,  furrows  or  pits 
are  prepared  and  field  is  kept  ready  for  planting.  In  the  riverbeds  the  trenches  or 
pits  are  prepared  as  described  under  muskmelon. 

Seed  and  sowing 

Both  the  sponge  and  ridge  gourds  are  propagated  through  seeds.  The  seeds  of 
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sponge  gourd  are  white  and  that  of  ridge  gourd  are  black.  Seed  rate  for  ridge 
gourd  is  3.5-5.0kg/ha  and  that  of  sponge  gourd  is  2.5-3.5kg/ha.  The  seeds  are 
sown  in  raised  beds,  furrows  and  pits. 


Spacing 

For  sponge  gourd  and  ndge  gourd  the  row  to  row  distance  of  1.5-2. 5m  and  hill 
to  hill  distance  of  60-120cm  are  kept.  Two  seeds  per  hill  in  the  case  of  raised  beds 
and  three  to  four  seeds  per  pit  are  sown.  In  Maharashtra,  a  spacing  of  1.5  x  1.5m 
is  followed.  With  the  pit  system  a  spacing  of  1.5-2.0m  between  the  two  rows  and 
1.0— 1.5m  between  the  two  plants  is  advocated. 

Seed  and  soil  treatment 

The  seeds  are  soaked  in  water  for  12-24  hours  before  sowing  to  hasten  the 
germination. 

Training  and  pruning 

In  small  homestead  gardens,  ridge  gourd  and  sp.onge  gourd  are  trailed  over 
trelises  arbours  or  pendals  at  1.5-2.0m  height.  Commercial  crop  are  trained  on  a 
kmffen  system.  The  crop  is  trained  when  the  seedlings  are  about  10-1 5cm  tall. 
The  early  crop  can  be  allowed  to  trail  on  the  bed  itself.  In  northern  India  the  crop 
is  generally  not  trained  and  the  vines  are  allowed  to  trail  on  the  ground.  Rainy 
season  crop  should  be  staked  so  that  the  fruits  are  prevented  from  direct  contact 

with  the  soil. 

Nutrient  requirement  and  management 

Farmyard  manure  at  the  rate  of  15-20  tonnes/ha  should  be  mixed  in  the  soil  at 
the  time  of  preparation  of  field.  The  super  phosphate,  potash  and  the  half  nitrogen 
should  be  applied  as  a  basal  dose  and  one-half  nitrogen  should  be  given  as  top 
dressing  after  one  month  of  planting.  Under  Haryana  conditions,  farmyard  manure 
10-15  tonnes/ha  and  40-60kg  N,  30-40kg  P205  and  30kg  of  K20/ha  are 
recommended  for  both  the  crops.  In  addition  to  N  20-30kg  should  be  top  dressed 
at  the  time  of  vimng.  In  Punjab,  100kg  of  N,  60kg  of  P,05  and  60kg  of  K20/ha  is 

recommended. 

Management  of  irrigation  water 

The  summer  crop  must  be  irrigated  regularly.  The  first  irrigation  should  be 
given  immediately  after  the  sowing.  Summer  crops  require  more  frequent  irrigation 
than  rainy  season  crops.  Irrigation  may  be  carried  out  according  to  the  soil-moisture 
status  and  season.  During  the  rainy  season,  irrigation  may  be  required  during  the 
early  growth  period.  No  systematic  work  is  done  on  requirement  of  irrigation 
water  and  its  management  in  thpcp  crops. 
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Management  of  weeds 

Weeding  should  be  done  15-20  days  after  the  sowing.  The  second  weeding  may 
be  done  20-25  days  after  the  first  one.  The  crop  is  kept  weed  free  during  the  entire 
growth  period. 

Use  of  plant  growth  regulators 

In  these  crops,  the  female  and  male  flowers  are  borne  separately  on  the  same 
plant.  The  sex  ratio  can  be  regulated  by  exogenous  application  of  growth  regulators 
NAA  (200ppm)  increases  the  female  flower  production  in  ridge  gourd  and  in  turn 
increases  the  yield  sigmficandy.  In  sponge  gourd,  exogenous  application  of  Ethrel 
250ppm  has  been  found  to  be  beneficial. 

Harvesting  and  yield 

The  crop  is  ready  for  harvest  in  about  60-90  days  after  the  seed  sowing, 
depending  upon  the  season  and  variety.  The  fruit  attains  a  marketable  maturity 
about  5-7  days  after  anthesis  of  the  female  flower.  Fruits  should  be  harvested 
when  they  are  still  immature.  Picking  should  be  done  every  3-4  days.  If  there  is 
delay  in  harvesting,  the  fruits  become  more  fibrous  and  are  unfit  for  human 
consumption.  Average  yield  of  sponge  and  ridge  gourds  is  8-12  tonnes/ha: 

Maturity  standards 

Fruits  are  harvested  when  they  are  tender  and  still  immature.  The  flesh  should 
not  turn  fibrous  and  picking  should  be  done  earlier.  There  are  long  fruited  types 
of  ridge  gourd  in  South  India  and  hence  tenderness  would  decide  edible  maturity 
and  not  the  fruit  size. 

Post-harvest  management 

Harvesting  should  be  done  at  proper  edible  maturity.  Grading  of  fruits  should 
be  done  according  to  size.  The  fruits  are  packed  in  separate  baskets.  Care  should 
be  taken  that  the  fruits  should  not  have  any  injury  during  transit.  The  fresh  and 
tender  fruits  should  reach  the  consumer. 

Storage  and  marketing 

Fruits  harvested  at  the  marketable  stage  can  be  stored  for  3-4  days  in  a  cool 
place  without  any  adverse  effects.  The  fruits  are  packed  in  bamboo  baskets  with 
proper  padding  to  prevent  injury  in  transit.  The  fruits  are  marketed  in  local  and 
distant  markets.  The  plastic  crates  are  also  used  for  packing  of  fruits. 
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Diseases  and  pests  of  Cucurbits 

T  A  More  and  K  G  Shinde 

A  large  number  of  diseases  and  pests  affect  the  cucurbits  at  different  stages  of 
growth.  The  major  diseases  and  pests  of  cucurbits  are  as  follows. 

Powdery  mildew 

This  is  a  fungal  disease  that  often  becomes  very  severe  in  warm  rainfree  grow¬ 
ing  regions.  It  is  caused  by  Sphaerotheca  fuliginea  Schelcht  Fr.  Symptoms  first  ap¬ 
pear  as  nearly  white  or  fluffy,  somewhat  circular  patches  or  spots  which  appear  on 
the  under  surface  of  the  leaves.  Severely  attacked  leaves  become  brown  and  shriv¬ 
elled  and  defoliation  may  occur.  Fruits  of  the  affected  plants  do  not  develop  fully 
and  remain  small.  This  disease  occurs  mostly  on  cucumber,  muskmelon,  pumpkin, 
botde  gourd,  etc.  A  number  of  fungicides  are  effective  in  controlling  the  disease. 
Fortnightly  sprays  of  Carbendazim  (0.1%),  Thiophanate  M  (0.05%),  Calixin  (0.05%), 
Karathane  (0.5%)  and  Sulfex  (0.2%)  have  been  found  effective  on  bottle  gourd. 
Seed-treatment  and  soil-drenching  with  systemic  fungicides  also  give  protection  to 
young  seedlings. 

Downy  mildew 

This  is  caused  by  the  fungus  Pseudoperonospora  cubensis  (B  and  C)  Ros.  It  is  a 
disease  affecting  most  of  the  cucurbits  like  cucumber,  muskmelon,  ridge  gourd, 
bottle  gourd,  etc.  It  is  prevalent  in  areas  of  high  humidity,  especially  when  summer 
rains  occur  regularly.  The  disease  is  characterized  by  formation  of  yellow,  more  or 
less  angular  spots  on  the  upper  surface  of  leaves,  while-purplish  spores  appear  on 
the  upper  surface  of  leaves.  The  disease  spreads  rapidly  killing  the  plant  quickly 
through  rapid  defoliation.  The  disease  can  be  effectively  controlled  with  sprays  of 
Dithane  M  45  (0.2%),  Dacoml  and  Difolatan  (0.2%).  One  spraying  gives  protec¬ 
tion  for  nine  days.  Copper  oxychloride  spray  has  also  given  good  control.  The 
sprays  of  Dithane  M  45  if  given  early  and  repeated  2-3  times  can  control  the 
disease  effectively. 

Anthracnose 

This  disease  is  very  serious  in  watermelon,  bottle  gourd,  cucumber,  snake  gourd, 
etc.,  caused  by  the  fungus  Colletotnchum  sp.  The  spots  on  the  leaves  of  water¬ 
melon  first  appear  as  small,  yellowish,  water-soaked  areas,  which  enlarge  in  size, 
that  later  coalesce  and  turn  brown  to  black  in  colour.  Distinct  elongated  necrotic 
lesions  having  pointed  ends  appear  on  petioles  and  stems,  and  they  later  show 
cracks  along  with  partial  girdling  of  branches.  When  fruit  pedicels  are  infected, 
young  fruits  shrivel,  darken,  and  finally  dry  up.  Lesions  on  fruits  are  circular,  water- 
soaked,  sunken,  dark-brown  to  black,  and  variable  in  size  depending  upon  the  age 
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of  the  plant  and  weather  conditions.  Seed  treatment  and  production  of  disease- 
free  seed  in  and  regions,  proper  rotation  and  clean  cultivation  minimize  the  initial 
inoculum.  The  disease  is  effectively  controlled  by  four  sprays  of  systemic  fungicides, 
such  as  Benomyl,  Bavistin  and  Thiophanate  M  (0.1%).  Also  it  can  be  controlled  by 
repeated  spraying  at  5-7  days  interval  with  Dithane  M  45  (0.2%). 

Fusarium  wilt 

It  is  a  common  disease  affecting  several  cucurbits  like  watermelon,  muskmelen, 
bottle  gourd  etc.  The  causal  organism  has  been  identified  as  F.  oxysporum  f.  mveum 
affecting  watermelon  and  meloms  on  muskmelon.  There  are  also  reports  that  F. 
solani  is  causing  wilt  in  muskmelon  and  bottle  gourd.  In  young  seedlings,  cotyle¬ 
dons  droop  and  wither.  In  older  plants,  leaves  wilt  suddenly  and  vascular  bundles 
in  the  collar  region  become  yellow  or  brown.  Chemical  control  of  such  soil-borne 
and  root  disease  is  very  difficult.  The  disease  can  be  checked  to  some  extent  by 
drenching  the  soil  with  Captan  or  Hexocap  or  Thinde  0.2-0. 3%  solution,  This 
should  be  repeated  so  that  spread  of  the  disease  can  be  checked.  Use  of  disease 
free  seed  and  cultivation  of  resistant  varieties  is  the  best  way  to  control  the  disease 
incidence  is  brought  down  by  seed  treatment  with  Carbandazim  or  Benomyl.  Hot 
water  treatment  at  55°C  for  15  minutes  also  helps  in  eliminating  seed-borne  infec¬ 
tion. 

Alternaria  blight  and  fruit  rot 

Leaf  blight  has  been  recorded  on  muskmelen,  watermelon,  bottle  gourd,  cu¬ 
cumber,  snake  gourd  and  vegetable  marrow  in  Punjab  and  Rajasthan.  Initial  infec¬ 
tion  is  noticed  as  small  spots  on  the  leaves,  which  rapidly  increase  in  number  and 
size.  After  coalescing  of  adjoining  spots  and  on  severely  affected  leaves,  a  burning 
effect  or  blight  symptom  is  seen,  especially  in  watermelon  concentric  rings  typical 
of  the  pathogen  are  invariably  present. 

Use  of  disease-free  seed,  its  pre-treatment,  crop  rotation,  and  proper  drainage 
are  effective  means  of  controlling  the  disease,  Borax  wash  (2.5%)  at  45°C  for  30 
sec.  or  at  40°C  for  2  min  before  packing  of  the  fruits  prevents  fruit  rot.  Captan, 
Mancozeb  and  Ziram  are  effective  at  low  temperatures. 

Rhizoctonia  root  rot 

Rhizoctoma  root  rot  was  reported  from  Punjab.  The  fungus  was  pathogenic  to 
all  the  cucurbits,  causing  both  pre-and  post-emergence  mortality.  Older  plants 
were  less  susceptible.  Good  control  of  the  disease  was  obtained  by  seed  treatment 
with  Vitavax  and  Brassicol.  Soil  application  of  Brassicol  and  rotation  with  non 
host  crops  are  also  recommended. 
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Virus  diseases 

There  are  large  number  of  viruses  which  cause  much  damage  to  different 
cucurbits.  The  leaves  show  mottling  mosaic,  crinkling  and  twisting  and  shortened 
internodes  and  flowering  is  adversely  affected.  Exact  transmission  has  not  been 
studied.  There  are  some  which  are  partially  seed  transmitted,  some  are  transmitted 
through  insect  vectors  like  aphids  and  some  are  even  mechanically  transmitted. 
Chemical  control  of  insect  vectors  by  spraying  Malathion  at  5-7  days  interval 
may  partially  check  the  spread. 

Studies  conducted  at  IARI,  New  Delhi  led  to  identification  of:  (1)  Cucumber 
mosaic  virus  (cucumis  virus),  (ii)  watermelon  mosaic  virus  (poty-virus  group),  (iii) 
tobacco  virus  group  which  is  sap  transmissible  (without  vectors),  comprising 
cucumis  virus  2B,  cucumis  virus  2  C  and  cucumis  virus  3,  (iv)  non-sap  transmissi¬ 
ble  but  white  fly  transmissible,  characterized  by  yellow  vein  mosaic,  and  (v)  non- 
classified  consisting  kakri  mosaic  virus  and  tori  (Luffa)  mosaic  virus. 

From  Coimbatore,  two  isolates  of  melon  mosaic  virus,  bitter  gourd  mosaic 
virus  transmitted  by  aphids  have  been  reported  and  from  West  Bengal,  one  different 
isolates  on  pumpkin  have  been  identified  comprising  bottle  gourd  mosaic  virus, 
cucurbit  latent  virus,  watermelon  mosaic  virus  1,  cucurbit  mosaic  virus  and  two 
newly  designated  viruses,  pumpkin  venation  mosaic  virus  and  pumpkin  mild 
mosaic  virus. 

The  complete  control  of  virus  disease  has  not  been  possible.  One  way  of  checking 
the  spread  is  to  dissuade  the  farmers  not  to  collect  seeds  from  virus  infected  plants, 
wherever  the  virus  is  transmitted  through  seeds.  Some  viruses  are  thermo¬ 
sensitive  and  get  inactivated  due  to  high  temperature  occurring  in  summer  and 
sometimes  virus  affected  plants  do  recover  partially  or  temporarily.  In  the  cucurbits 
grown  in  rainy  season,  insect  vectors  like  white  fly  spread  the  viruses  rapidly.  The 
only  solution  to  control  virus  is  the  development  of  virus  resistant  cultivars.  In 
cucumber,  Tokyo  Long  Green  and  Chinese  Long  are  good  sources  of  resistance  to 
cucumber  mosaic  virus  and  some  of  the  important  resistant  cultivars  developed 
are  SMR  18  Wisconsin  and  Table  Green. 

It  is  essential  to  use  seeds  from  healthy  plants  for  growing  cucurbits.  To  eliminate 
CMV  infection  in  C.  pepo,  the  virus  can  be  inactivated  by  treatments  with  hot  air 
(70°C  for  two  days)  or  hot  water  (55°C  for  60  min). 

As  far  as  possible,  the  fields  should  be  kept  free  of  weeds,  particularly  cucurbits, 
and  uncontaminated  water  should  be  used  for  irrigation  as  cucumber  green  mottle 
virus  (CGMMV)  can  be  transmitted  through  water.  For  crops  that  are  affected  by 
CGMV,  hygiene  is  important,  as  the  virus  spreads  easily  by  contact  and  contami¬ 
nated  tool's.  Avoidance  of  overlapped  cropping  will  help  to  reduce  the  incidence  of 
viruses  transmitted  by  aphids  or  white  flies.  Use  of  mulches  also  reduces  virus 
diseases  incidence  and  helps  in  improving  the  yields.  These  should  be  tried  in  areas 
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where  virus  diseases  are  a  problem.  Also  prevention  of  vector  transmission  by  use 
of  insecticides. 

At  IARI,  New  Delhi  very  extensive  research  work  was  conducted  on  the  devel¬ 
opment  of  CGMV  in  muskmelon  and  five  CGMV  resistant  lines  VRM  5-10,  29- 
1,  31-1,  42-6  and  434  were  developed  using  Cucumis  melo  var.  momordica  as 
resistant  sources.  These  lines  are  in  multi-locational  trials  of  Project  Directorate  of 
Vegetable  Research  at  National  level. 


PESTS 

Red  pumpkin  beetle 

The  beetles  ( Aulacophora  foveicollis  Lucas)  attack  most  of  the  cucurbits  at  seed¬ 
ing  stage,  especially  at  cotyledonary  leaf  stage.  They  make  holes  in  cotyledonary 
leaves.  Severe  damage  is  caused  at  this  stage,  although  they  attack  the  vines  in  the 
grown  up  stage  also.  Muskmelon,  bottle  gourd,  pumpkin,  cucumber  and  water¬ 
melon  are  attacked  mostiy  with  the  exception  of  bitter  gourd.  Effective  control 
can  be  done  by  spraying  Carbaryl  (sevin)  0.1 -0.2%  or  Rogor  0.1%. 

Aphids 

These  small  green  insects  ( Aphis  sp.)  damage  the  plants  by  sucking  the  leaf  sap. 
In  young  stage,  cotyledonary  leaves  crinkle  and  in  severe  cases  the  plants  wither.  In 
grown  up  vines,  the  leaves  turn  yellow  and  plant  loses  its  vigour  and  yield. 

The  aphids  can  be  easily  controlled  by  spraying  Malathion  0.1%  or  Metasystox 
0. 1-0.2%  or  Rogor  0.1-0. 2%. 

Fruit  fly 

This  is  the  serious  pest  of  cucurbits.  Maggots  of  this  fly  ( Dacus  cucurbitae  and 
Dacas  dorsalis)  cause  severe  damage  to  young  developing  fruits.  The  adult  fly  lays 
eggs  below  the  skin  of  the  young  ovaries.  The  eggs  hatch  into  maggots  which  feed 
inside  the  fruits  and  cause  rotting.  The  fly  attack  is  severe  on  muskmelon,  bitter 
gourd,  tinda,  pointed  gourd,  watermelon,  etc. The  fly  attack  is  severe  when  the 
humidity  is  high.  There  is  no  direct  control  of  maggots  because  they  are  inside  the 
developing  fruits.  The  adult  flies  can  be  controlled  by  using  light-traps  in  the  night 
and  poison  baits.  Infestation  can  be  controlled  by  baits  containing  sex  attractants 
like  protein  hydrolysate  0.5kg  +  1.25kg  of  50%  Malathion  wp+200g  of  molasses. 
Spray  of  Endosulfan  or  Thiodan  @  6ml  per  4.5  litres  of  water  also  partially  checks 
the  fly  incidence.  Some  newer  chemicals  like  Methuyl  Eugenol  is  also  effective. 
Co-operative  efforts  by  all  the  farmers  would  be  necessary  to  control  this  pest. 
Another  precaution  of  spraying  insecticides  at  the  time  of  flowering,  when  the  fly 
attack  is  severe,  is  to  ensure  that  there  is  no  repellant  action  to  pollinating  insects 
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like  bees  from  insecticidal  sprays.  The  affected  fruits  should  be  regularly  pinched 
off  and  buried  in  a  pit. 

Mites 

This  pest  is  serious  in  muskmelon  and  watermelon,  especially  during  severe 
summer  weather.  These  tiny  insects  are  seen  on  the  undersurface  of  the  leaves. 
Tiny  spider-like  creatures  covered  with  fine  self  made  webs  colonize  the  ventral 
side  of  leaves.  Both  nymphs  and  adults  suck  the  sap,  which  results  in  yellowish- 
specks  on  the  upper  surface  of  the  leaves.  The  leaves  gradually  turn  pale  and  then 
dry  up.  Spray  of  Diazinon  0.03%  or  Lebaycid  0.05%  is  effective. 

Nematodes 

The  cucurbits  are  highly  susceptible  to  nematode  infestations,  viz.  root-knot 
nematode,  Meloidogyne  incognita  acrita.  etc,  are  severely  affected.  Soil  fumigation 
with  DD  of  application  or  Nemagon  and  long  rotations  can  control  the  nematodes. 

About  30  insect  and  nematode  pests  damage  cucurbit  crops  in  India.  Fortunately, 
only  three  of  them — fruit  fly,  red  pumpkin  bettle  and  epilachna  beetle — are  widely 
prevalent.  The  damage  caused  by  other  pests  is  not  economically  significant.  These 
pests  are  pumpkin  caterpillar,  gall  fly,  ground  semi  looper,  plume  moth,  stem  boring 
longicorn  beetles,  cut  worms,  stink  bugs,  leaf  footed  plant  bug,  sucking  bug,  dark 
weevils,  grey  weevil,  blister  beetle,  leaf  hoppers,  etc.  These  pests  of  cucurbitaceous 
crops  can  be  controlled  and  the  damage  reduced  considerably  by  the  use  of  chemi¬ 
cals,  growing  of  resistant  varieties,  biological  control  or  sometimes  crop  manage¬ 
ment  practices. 


319 


Potato 

(Solarium  tuberosum  L.) 

G  S  Shekhawat 


Area  and  production 

Potato  is  one  of  the  four  major  food  crops  of  the  world.  The  other  three  crops 
being  rice,  wheat  and  maize.  The  global  area  under  potato  during  1998  was  about 
18  million  ha  with  a  total  production  of  about  295  million  tonnes.  Among  the 
major  potato  growing  countries  of  the  world,  China  ranks  first  in  area,  followed  by 
the  Russian  Federation,  Ukanne  and  Poland.  India  ranks  fifth  in  area  in  the  world. 
The  present  area  under  potato  in  India  is  about  1.4  million  hectares.  India  produces 
a  total  of  about  25-28  million  tonnes  of  potatoes  every  year  and  ranks  fifth  in 
production  after  China,  Russian  Federation,  Poland  and  Ukanne.  From  each  hectare 
of  land,  it  produces  about  16-19  tonnes  of  potatoes.  In  European  and  American 
countries  the  productivity  is  about  30-40  tonnes  per  hectare. 

The  states  of  Uttar  Pradesh,  West  Bengal  and  Bihar  account  for  nearly  3/4  of 
the  area  and  4/5  of  the  potato  production  in  the  country.  The  highest  area  and  the 
production  is  in  Uttar  Pradesh  followed  by  West  Bengal  and  Bihar.  The  highest 
productivity  of  the  crop  is  in  West  Bengal  followed  by  Gujarat.  Potato  is  one  of  the 
principal  cash  crops.  It  contributes  to  Indian  economy  in  several  ways.  On  an 
average  it  gives  a  net  profit  of  about  Rs  5,000—8,000/ha. 

Food  value  and  other  uses 

Potato  can  supplement  the  food  needs  of  the  country  in  a  substantial  way.  It  has 
proved  its  worth  in  feeding  the  nations  in  emergency.  It  is  an  important  crop  for 
the  high  population  areas  of  Asia  because  it  produces  more  dry-matter  food,  well 
balanced  protein  and  more  calories  from  unit  area  of  land  and  time  than  other 
major  food  crops.  The  problem  of  malnutrition  and  under  nutrition  can  be  largely 
solved  if  potato  is  accepted  as  a  major  food  and  not  merely  as  a  vegetable  in  our 
country.  Potato  is  a  nutritious  food.  It  contains  practically  all  the  essential  dietary 
constituents  like  cereals,  carbohydrates  which  are  the  major  constituents  of  potato. 
Besides,  it  contains  essential  nutrients  as  proteins  and  minerals  like  calcium, 
phosphorus  and  iron,  and  vitamins  (Bp  B,,  B()  and  C).  About  50%  of  potato 
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produced  in  the  world  is  utilized  as  human  food.  It  is  used  as  staple  diet  in  many  of 
the  countries  specially  in  the  West. 

Export 

During  the  last  25-30  years  potato  export  ranged  from  0.01-0.07%.  However, 
potatoes  from  India  enjoy  a  comparative  advantage  and  there  is  great  potential  of 
exporting  them  both  for  seed  and  table  purposes  to  our  neighbouring  countries 
of  South-East  Asia  and  to  Middle  East  countries.  They  can  even  be  exported  to 
some  of  the  European  countries  during  March-May  when  fresh  potatoes  are  not 
available  in  these  countries. 

Origin  and  distribution 

The  potato  is  a  native  of  tropical  South  American  region  where  it  grows  wild  in 
nature  and  presents  the  widest  diversity  of  forms  like  tuber  shape,  size,  colour, 
taste  etc.  It  is  believed  that  the  cultivated  potato  originated  from  its  wild  ancestors 
near  the  lake  Tritica  basin  in  Peru  Bolivian  region  in  high  mountains.  This  plant 
was  selected  as  article  of  food  by  the  oldest  civilizations  of  Mayas  and  Incas.  The 
potato  was  introduced  in  India  Atom  Europe  in  early  17th  century,  only  forty  years 
after  its  introduction  in  Europe.  The  Portuguese  who  opened  the  trade  routes 
from  Europe  to  India  were  probably  the  first  to  bring  this  important  plant  in  our 
country. 

Potato  is  grown  in  India  in  almost  all  the  states  except  Kerala.  It  is  possible  to 
see  the  crop  in  field  round  the  year  in  one  part  of  the  country  or  the  other.  About 
82%  of  the  area  under  potato  crop  lies  in  the  plains  where  the  crop  is  grown 
during  short-days  of  winters  from  October-March.  About  10%  area  lies  in  the 
hills  where  the  crop  is  grown  during  long-days  of  summer  from  April-September. 

Botany 

The  potato  is  a  dicot  plant  belonging  to  family  Solanaceae  and  the  genus  Solatium. 
This  is  a  large  genus  and  contains  nearly  2,000  species.  According  to  the  latest 
classification,  the  genus  has  been  divided  into  two  sub  genuses,  Pachystemonum 
and  Leptostemonum.  Pachystemonum  has  been  further  divided  in  to  five  sections 
of  which  section  Petota,  contains  most  of  the  tuber  bearing  species.  Section  Petota 
has  been  divided  under  two  sub  sections,  namely  Estolinifera  and  Potatoe.  All 
cultivated  species  have  been  grouped  under  the  series  Tuberosa  of  sub  section 
Potatoe.  About  72%  of  the  species  are  diploid  (2n=24)  and  nearly  12%  Tetraploid 
(2n=48).  The  rest  are  triploid,  2n=36),  pentaploid  (2n=60)  and  hexaploid  (2n=72). 
The  widely  cultivated  potato  belongs  to  tetraploid  species  Solanum  tuberosum. 

CROP  IMPROVEMENT 

The  early  introductions  and  subsequent  systematic  attempts  to  introduce  potato 
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varieties  mainly  from  European  countries  were  not  successful. These  varieties  were 
primarily  bred  for  long-day,  long-duration  conditions  of  Europe  where  moderate 
temperatures  prevail  both  at  the  time  of  planting  and  harvesting.  These  varieties 
did  not  do  well  under  short-day,  short  growing  conditions  of  sub  tropical  plains  of 
our  country  where  high  temperatures  prevail  both  at  the  time  of  planting  and 
harvesting.  Therefore,  the  major  goal  of  potato  breeding  is  to  breed  high  yielding 
varieties  suitable  for  the  above  conditions.  Among  other  goals /problems,  late  blight 
is  the  most  devastating  disease  occurring  regularly  in  epiphytotic  form  every  year 
in  the  hills  and  very  frequently  in  plains.  The  widely  present  large  number  of  viruses 
infecting  potatoes  through  contact  or  aphid  vectors  are  responsible  for  bringing 
down  yields  of  potato  stocks  and  are  most  important  constraints  in  potato, 
productivity.  Bacterial  wilt  in  mid-hills  and  pockets  of  Assam,  Meghalaya, 
Maharashtra  and  Orissa,  wart  in  hilly  regions  of  West  Bengal;  Cyst  forming 
nematodes  in  southern  hills  and  potato  tuber  moth  in  warmer  plateau  areas  of 
Maharashtra,  Karnataka  and  Madhya  Pradesh  are  the  other  major  diseases  and 
pests  of  potato  in  the  country.  In  recent  years  potato  industries  have  come  up  in 
big  way  needing  varieties  containing  low  sugars  and  high  dry-matter  for  preparation 
of  specific  value  added  products  like  chips,  french  fries,  cubes  and  other  dehydrated 
products. 

Breeding  methods 

Potato  is  a  self  pollinated  crop  but  is  vegetatively  propagated.  The  cultivated 
tetraploid  varieties  are  highly  heterozygous.  Most  of  them  are  also  pollen  sterile. 
Selfing  or  inbreeding  in  potato  leads  to  loss  of  vigour  of  the  progeny  and  non- 
flowering.  Hence  the  conventional  method  or  pure  line  method  of  breeding  is 
generally  not  practiced.  The  vegetative  mode  of  propagation  in  potato  provides 
advantage  in  breeding  since  breeder  can  take  advantage  of  outstanding  individuals 
occurring  at  any  stage  of  breeding,  and  subsequently  obtain  genetically  identical 
plants  irrespective  of  the  degree  of  heterozygosity  of  the  genotype  through 
vegetative  propagation.The  breeding  methods  that  are  successfully  used  are: 

Hybridization  and  selection :  In  hybridization,  crosses  are  made  between  selected 
parents.  Hybridization  can  be  between  varieties  (intervarietal)  or  between  specific 
(interspecific).  Since  yield  and  most  of  the  desirable  characters  are  polygenic  in 
nature,  the  parents  for  hybridization  are  generally  selected  on  the  basis  of  their 
combining  ability.  Genetically  distant  crosses  with  wild  species  are  avoided,  as  they 
result  in  progenies  with  wild  characters  which  are  difficult  to  eliminate.  Segregation 
of  characters  takes  place  in  the  Fj  generation  following  hybridization  and  thereafter 
clonal  selection  is  practiced  in  Fj  and  subsequent  generations.  Being  vegetatively 
propagated,  breeders  take  advantage  of  selecting  and  multiplying  genetically  identical 
individuals  in  the  succeeding  generations. 

Back  cross  method:  Cultivated  potato  does  not  possess  resistance  to  most  of  the 
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diseases  and  pests.  Resistance  genes  are  mosdy  found  scattered  in  wild  and  semi- 
cultivated  species  available  in  centre  of  origin  and  diversity  in  South  America.  In 
this  method  the  hybridization  is  done  between  cultivated  and  wild  or  semi  cultivated 
species  with  the  aim  of  transferring  specific  characters  like  resistance  to  diseases 
and  pests.  It  is  followed  by  repeated  back  crossing  keeping  cultivated  type  as  the 
recurrent  parent.  Selection  is  practiced  in  successive  back  cross  generations  for  the 
character  to  be  retained  from  the  wild  species.  However,  transfer  of  the  resistant 
genes  from  wild  species  into  cultivated  potato  is  a  difficult  task.  The  differences  in 
ploidy  level,  incompatibility  and  sterility  factors  and  flow  of  resistant  genes  alongwith 
undesirable  genes  causes  problem  of  their  elimination  even  after  several  generations 
of  back  crossing. 

Hybridization  technique :  Potato  naturally  flowers  under  cool  climate  and  long- 
day  conditions  of  more  than  15hrs  lights  Such  conditions  are  available  during  long- 
summer  days  when  potatoes  are  grown  in  the  hills.  Hills  are  therefore,  ideal  for 
hybridization  work.  Potato  flowers  are  hermaphrodite  (bisexual)  and  therefore, 
emasculation  is  done  in  selected  female  parents  mostly  in  the  evening.  The  five 
stamens  forming  a  cone  surrounding  the  protruding  stigma  are  removed  carefully 
from  the  flower  buds  that  will  open  next  day.  The  emasculated  buds  are  then 
bagged  with  butter  paper  bags  ensuring  no  pollination  from  foreign  pollens.  Flowers 
from  the  selected  fertile  male  parents  are  collected  a  day  in  advance,  shade-dried 
and  pollens  are  extracted  next  day  in  the  morning  in  small  petry-dish  or  container. 
Pollination  in  the  emasculated  flowers  is  done  usually  in  the  morning  when  the 
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stigma  is  most  receptive  by  dipping  it  in  the  pollens  or  by  applying  pollens  with  the 
help  of  soft  brush.  Each  flower  Ttunch  is  then  labelled  showing  details  of  cross  and 
again  bagged  to  protect  pollination  from  foreign  pollens.  The  butter  paper  bags 
are  removed  2-3  days  after  pollination  and  berry  setting  in  successful  crosses  is 
observed  in  about  5-7  days.  When  bernes  attain  sufficient  size,  they  are  bagged  in 
small  muslin  cloth  bags  to  save  them  from  dropping  and  are  allowed  to  mature. 
The  seeds  are  extracted  from  ripened  berries  by  macerating  in  water  and  separating 
the  seeds  from  pulp  after  repeated  washing. 

In  the  year  1949,  the  Central  Potato  Research  Institute  was  established.  This 
Institute  began  work  on  breeding  new  potato  varieties  suitable  for  Indian  conditions. 
The  varieties  bred  by  it  always  have  the  prefix  name  ‘Kufri’  denoting  the  name  of 
the  place  where  actual  hybridization  work  is  done  in  the  Himachal  Pradesh.  The 
Institute  starting  from  1958  till  date  has  released  35  improved  potato  varieties  for 
different  agroclimatic  regions  of  the  country.  Many  of  these  varieties  possess 
resistance  to  diseases  like  late  blight  and  wart  and  pests  like  cyst  nematode.  The 
earlier  potato  varieties  were  either  the  clonal  selections  from  the  then  prevailing 
popular  varieties  that  survived  following  introduction  from  foreign  countries,  e.g. 
Kufri  Red  from  Darjeeling  Red  Round  and  Kufri  Safed  from  Phulwa  or  had  mainly 
foreign  varieties  in  their  perentage.  Progressively  there  was  a  gradual  shift  in  the 
choice  of  parents  in  favour  of  Indian  cultivars  and  parental  lines  and  currendy  the 
new  varieties  often  involve  a  indigenous  variety  in  their  perentage.  Many  of  the 
initially  released  variedes  are  no  longer  in  cultivation  simply  because  better  varieties 
have  replaced  them. 

Genetic  engineering 

In  recent  years  genetic  engineering  or  genetic  transformation  has  gained 
importance  and  has  become  one  of  the  major  strategies  in  crop  improvement. 
Unlike  classical  breeding,  the  technique  does  not  involve  recombination  of  entire 
genomes  of  parent  plants  requiring  several  cycles  of  backcrossing  and  selection  to 
eliminate  undesirable  traits.  Genetic  transformation  can  introduce  a  single  gene 
for  desired  trait  without  disturbing  genetic  make  up  of  a  plant.  Similarly  the  technique 
is  not  confined  to  only  cross  fertile  plants  thus  using  limited  variability.  The  bacterial 
‘plasmids’  which  are  free  floating  rings  of  DNA  are  used  in  carrying  and  transferring 
the  desired  genes.  Gene  is  a  piece  of  DNA  which  carries  out  a  specific  function  by 
producing  specific  protein.  The  two  commonly  used  bacteria  in  this  technique  are 
Agrobacterium  tumefaciens  causing  crown  gall  disease  and  Agrobacterium  rhizogenus 
causing  hairy  roots  in  plants.  The  ‘restriction  endonucleases  and  ligase  which  are 
special  enzymes  help  in  cutting  and  sealing  the  DNA  molecules  at  specific  sites, 
thus  making  it  possible  to  isolate  and  transfer  genes  from  one  plant  to  other. 
Other  methods  of  gene  transfer  in  plants  are  use  of  high  velocity  micro-projectile 
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and  electroporation.  In  potato  the  genetic  transformation  techniques  have  been 
successfully  used  in  developing  varieties  resistant/ tolerant  against  viruses,  insects, 
herbicides,  frost  and  salinity  etc.  The  technique  has  also  been  successfully  used  in 
bringing  about  change  in  quality  characters  such  as  improvement  in  essential  amino 
acids,  modification  of  starch  etc.  In  India  the  technique  has  been  successfully 
employed  to  introduce  potato  tuber  moth  resistance  in  potato  and  the  transgenic 
plants  are  in  different  stages  of  evaluation. 

Varieties 

Potato  varieties  are  primarily  distinguished  based  on  their  habit,  pigmentation 
on  the  stem,  structure  of  leaf,  flower  and  fruit  (berry)  colour  and  tuber  characters 
like  shape,  size  and  colour,  depth  of  eyes  and  flesh  colour  etc.  Some  01  J.  t  inches 
under  cultivation  at  present  are  described  here. 

Kufri  Sindhuri  (Kufri  Red  X  Kufri  Kundan):  The  variety  was  released  in  1967 
for  cultivation  in  north  Indian  plains  particularly  for  eastern  Uttar  Pradesh  and 
Bihar  where  red  tubers  were  preferred.  It  is  a  late  maturing  (120-140  days)  variety 
producing  tall,  erect,  open  and  vigorous  plants  with  flowers  of  light-red-purple 
colour  with  white  tips.  Tubers  are  medium  in  size,  round  in  shape,  red  in  colour 
with  medium  deep  eyes.  It  is  moderately  resistant  to  early  blight  with  an  average 
yield  of  30-35  tonnes/ha. 

Kufri  Cbandramukbi  (Sd.  4485  X  Kufri  Kuber):  The  variety  was  released  in 
1968  for  cultivation  in  north  Indian  plains  and  plateau  regions.  It  is  an  early  maturing 
(75  days),  early  bulking  variety  producing  medium,  spreading,  open  and  vigorous 
plants  with  light-red-purple  flowers.  Tubers  are  large,  white,  oval,  flattened  with 
fleet  (shallow)  eyes.  The  variety  has  an  average  yield  of  23-25  tonnes/ha. 

Kufri  Jyoti  (3069d  (4)  X  2814a  (l):The  variety  was  released  in  1968  for  cultivation 
in  northern  and  southern  hills.  It  is  a  medium  maturing  (100  days)  variety  producing 
tall,  erect,  compact  and  vigorous  plants  with  white  flowers.  The  tubers  are  medium, 
oval,  white  with  fleet  eyes  and  have  tendency  to  crack.  The  variety  hitherto  carried 
good  level  of  resistance  to  late  blight  which  has  broken  down  in  recent  years  with 
appearance  of  new  races  of  pathogen.  It  is  also  immune  to  wart  disease  and  has  an 
average  yield  of  25—28  tonnes/ha. 

Kufri  Badsbab  (Kufri  Jyoti  x  Kufri  Alankar):  The  variety  was  released  in  1979 
for  north  Indian  plains  and  plateau  region.  It  is  a  medium  maturing  (90-100  days) 
variety  producing  tall,  erect,  medium  compact  and  vigorous  plants  with  white 
flowers.  The  tubers  are  large,  white,  oval,  with  fleet  eyes.  The  tubers  develop  light- 
colour  on  exposure  to  sun.  The  variety  possesses  resistance  to  late  blight,  early 
blight  and  potato  virus  x  and  has  an  average  yield  of  32-35  tonnes/ha. 

Kufri  Babar  (Kufri  Red  X  Gineke):  The  variety  was  released  in  1980  for  north 
Indian  plains.  It  is  a  medium  maturing  (90-100  days)  variety  producing  tall,  erect, 
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medium  compact  and  vigorous  plants  with  white  flowers.  The  tubers  are  large, 
white,  round-oval,  with  fleet  eyes.  The  variety  has  an  average  yield  of  32-34 
tonnes/ha. 

Kufri  Lalima  (Kufri  Red  X  AG  14):  The  variety  was  released  in  1982  for  Indo- 
Gangetic  plains.  It  is  a  medium  maturing  (90-100  days)  variety  producing  tall, 
erect,  medium  compact  and  vigorous  plants  with  white-purple  flowers.  The  tubers 
are  medium, red,  round  with  deep  eyes.  The  variety  has  an  average  yield  of  20-22 
tonnes/ha. 

Kufri  Swarna  (Kufri  Jyoti  x  VTn):  The  variety  was  released  in  1988  for  eastern 
hills.  It  is  a  late  maturing  (120  days)  variety  producing  tall,  erect,  medium  compact 
and  vigorous  plants  with  white  flowers.  The  tubers  are  medium,  white,  round-oval 
with  fleet  eyes  and  unlike  Kufri  Jyoti  do  not  show  cracking.  The  variety  is  highly 
resistant  to  late  blight  and  cyst  nematodes  has  an  average  yield  of  27-28  tonnes /ha. 

Kufri  Jawahar  (Kufri  Neelamani  x  Kufri  Jyoti):  The  variety  was  released  in 

1996  for  Punjab,  Haryana, plateau  region  of  Madhya  Pradesh,  Gujarat  and  Karnataka. 
It  is  a  medium  early  maturing  (80  days)  variety  producing  short,  erect,  compact 
and  vigorous  plants  with  white  flowers.  The  variety  is  moderately  resistant  to  late 
blight  and  has  an  average  yield  of  28-30  tonnes/ha. 

Kufri  Ashokd  (EM/C-1021  X  CP-1468):  The  variety  was  released  in  1996  for 
Indo-Gangetic  plains  of  India.  It  is  an  early  maturing  (75  days)  variety  producing 
medium  tall, erect,  medium  compact  and  vigorous  plants  with  light-red-purple 
flowers.  Tubers  are  medium, white, oval  with  fleet  eyes.  It  has  an  average  yield  of 
28-30  tonnes/ha. 

Kufri  Sutlej  (Kufri  Bahar  x  Kufri  Alankar):  The  variety  was  released  in  1996 
for  northern  Indian  plains.  It  is  a  medium  maturing  (90-100  days)  producing 
medium  tall,  erect,  medium  compact  and  vigorous  plants  with  white  flowers.  Tubers 
are  large,  white,  oval,  with  fleet  eyes.  The  variety  is  moderately  resistant  to  late 
blight  and  has  an  average  yield  of  35-36  tonnes/ha. 

Kufri  Pukhraj  (Craigs  Defiance  x  JEX/B-687):  The  variety  was  released  in 

1997  for  Punjab,  Uttar  Pradesh,  Madhya  Pradesh,  Karnataka,  Gujarat  and 
Maharashtra.  It  is  a  medium  maturing  (90-100  days)  variety  producing  tall,  semi- 
erect, medium  compact  and  vigorous  plants  with  white  flowers.  Tubers  are  large, 
white,  oval, slightly  tapered  with  fleet  eyes.  The  variety  is  resistant  to  early  blight 
and  moderately  resistant  to  late  blight  and  has  an  average  yield  of  30-35  tonnes/ha. 

Kufri  Cbipsona  1  (MS/78-79  x  CP-2416):  The  variety  was  released  in  1997  for 
the  Indo-Gangetic  plains.  It  is  medium  maturing  (100  days)  variety  producing 
medium  tall,  semi-erect,  medium  compact  and  vigorous  plants  with  white  flowers. 
Tubers  are  medium, white,  oblong  with  fleet  eyes  having  low  reducing  sugars,  low 
phenols  and  2-4%  higher  tuber  dry-matter  than  the  existing  varieties.  The  variety 
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possess  resistance  to  late  blight  and  is  suitable  for  processing/producing  light- 
colour  chips  and  finger  fries.  It  has  an  average  yield  of  25-30  tonnes/ha. 

Kufri  Chipsona  2  (Novazo  x  QB/B-92-4):  The  variety  was  released  in  1997  for 
Indo-Gangetic  plains.  It  is  medium  maturing  (100  days)  variety  producing  medium 
tall, erect,  open  and  vigorous  plants  with  white  flowers.  Tubers  are  medium,  white, 
round  with  shallow  eyes  having  low  reducing  sugars,  low  phenols  and  2-4%  higher 
tuber  dry  matter  than  the  existing  varieties.  The  variety  possesses  resistance  to  late 
blight  and  tolerance  to  frost  and  is  suitable  for  processing  giving  hght-colour  chips 
and  frying  and  has  an  average  yield  of  25-30  tonnes/ha. 

Kufri  Giriraj  (SLB/J 132  X  EX/ A-680-16):  The  variety  was  released  in  1998  for 
hills  of  Himachal  Pradesh.  It  is  a  medium  maturing  (100  days)  variety  producing 
medium  tall,  semi-erect,  medium  compact  and  vigorous  plants  with  light-purple 
flowers.  Tubers  are  medium  to  large,  white,  oval,  with  fleet  eyes.  The  variety  is 
resistant  to  late  blight  and  has  an  average  yield  of  20-25  tonnes/ha. 

CROP  PRODUCTION 

Potato  is  a  short-duration  crop  and  fits  well  in  different  multiple  and  intercropping 
systems.  High  yield  potential  and  success  of  cropping  systems  depend  upon 
appropriate  management  of  agronomic  practices  and  judicious  use  of  inputs  like 
seed,  fertilizers,  water  and  plant  protection  chemicals  through  their  efficient 
utilization. 

Soil 

Potatoes  can  and  are  grown  in  all  types  of  soil  (Alluvial,  hill,  black,  red  and 
Laterite)  having  pH  in  the  range  of  5. 5-8.0.  Deep  Alluvial  soils  of  Indo-Gangetic 
plains  with  almost  neutral  or  alkaline  soil  reaction  are  most  suitable.  Maximum 
area  under  potato  is  in  Alluvial  soils,  followed  by  hill,  black  and  red  soils. 
Saline, alkaline  and  sodic  soils  are  not  congenial  for  potato  production.  Soil  should 
be  fine,  loose  and  without  compacted  layers  that  hinders  root  penetration. 
Compacted  layers  also  restrict  drainage  of  water.  Clods  and  stones  reduce  root 
contact  with  soil  and  cause  deformation  of  tubers.  Well  drained  coarse  or  sandy 
loam  to  loamy  soils,  rich  in  organic  matter  are  ideal  for  potato  cultivation.  Such 
soils  ensures  sufficient  oxygen  for  the  growth  of  roots,  stolons  and  tubers,  retain 
moisture  and  are  helpful  in  drainage  of  excess  water  and  allows  production  of  well 
formed  tubers. 

Climate 

Potato  is  basically  a  crop  of  temperate  region  but  there  is  large  variation  in  the 
gene  pool  with  respect  to  crop’s  response  to  thermoperiods.  Generally  potato 
crop  is  raised  in  India  when  maximum  day  temperatures  are  below  35°C  and  night 
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temperatures  are  not  above  20°C.  Good  crop  growth  is  observed  when  days  are 
sunny  and  nights  are  cool.  Most  potato  genotypes  do  not  tuberize  when  the  night 
temperature  is  more  than  23°C  and  such  areas  are  considered  not  suitable  for 
potato  cultivation. 

Season 

Potato  crop  is  taken  in  autumn/ winter/ spring  seasons  in  the  plains  and  during  summer/ 
autumn  in  the  hills.  The  planting  time  is  dependent  on  temperature  and  cropping 
pattern  followed  in  the  area.  In  the  plains  the  best  time  of  planting  is  when  the 
maximum  and  minimum  temperatures  are  between  30°-32°C  and  10°-20°C.  In 
the  hills  planting  is  done  when  the  maximum  temperatures  are  about  20°-22°C 
and  minimum  temperatures  are  about  12°-15°C.  In  Nilgiris,  the  temperature  remain 
mild  throughout  the  year  during  summer,  autumn  and  winter.  The  planting  time  in 
different  potato  growing  zones  is  given  below. 


Region 

Crop  season 

Planting  time 

North-western  plains 

(i)  Early 

September 

(ii)  Autumn 

1st  week  of  October 

(iii)  Spring 

Last  week  of  December 

North-central  plains 

(i)  Early 

September 

(ii)  Main/autumn 

Second  week  of  October 

(iii)  Late 

Last  week  of  November- 
First  week  of  December 

North-eastern  plains 

(i)  Main 

First-second  week  of  November 

Plateau  region 

(i)  Kharif 

Last  week  June-first  week  of  July 

(ii)  Rabi 

First-second  week  of  November 

North-eastern  hills 

(i)  Main 

First-second  week  of  March 

(ii)  Autumn 

Fourth  week  of  August- 
first  week  of  September 

North-western  hills 

(i)  Higher  hills 

First-second  week  of  April 

(ii)  Mid-hills  Summer 

Last  week  of  January- 
first  week  of  February 

Autumn 

Last  week  of  August- 
first  week  of  September 

Southern  hills 

(i)  Main/Summer 

Fourth  week  of  March- 
first  week  of  April 

(ii)  Autumn 

August 

(iii)  Winter 

Fourth  week  of  January- 
first  week  of  February 

Cropping  systems 

Being  short-duration  crop,  potato  can  be  harvested  at  any  time  after  about  60- 
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70  days  after  planting  till  100-110  days  and  sold  in  the  market.  Its  adaptability  to 
wide  range  of  climatic  conditions,  soil  types  and  wide  flexibility  in  planting  times 
makes  it  ideal  for  including  in  intensive  cropping  systems.  The  crop  fits  in  well 
with  several  crops  in  different  cropping  sequences.  For  example  in  Punjab  and 
western  Uttar  Pradesh  wheat  crop  can  be  grown  after  harvesting  potato  in  early 
December.  Similarly,  in  Punjab,  potato-wheat-maize  and  potato-wheat-paddy;  in 
Haryana  potato-tomato-^znt/i,  in  Satpura  region  of  Madhya  Pradesh  potato- 
bhindl-soybean  or  potato-mung-maize  and  in  central  Uttar  Pradesh  and  Gujarat 
potato-^z/nz-grountnut  have  been  found  to  be  highly  paying  crop  sequences. 
Potato-greengram-groundnut  in  Ranchi  area  in  Bihar  and  potato-mung-paddy 
(transplanted)  or  potato-summer  paddy-paddy  (transplanted)  in  Assam  are  some 
of  the  other  remunerative  potato-based  croppping  systems. 

Potato  can  also  be  profitably  intercropped  with  several  other  crops.  The  net 
returns  from  various  companion  crops  depend  on  the  crop  involved.  For  example 
two  rows  of  wheat  can  be  sown  between  the  two  ridges  of  potato  in  the  same  plot 
in  Uttar  Pradesh  and  Bihar.  This  gives  a  normal  crop  of  potato  and  aditional  money 
from  the  wheat  crop.  Similarly,  potato  can  also  be  grown  with  oil  seed  crops  like 
linseed,  mustard  etc.  Thus  three  rows  of  linseed  or  one  row  of  mustard  can  be 
planted  in  place  of  every  fourth  row  of  potato  in  central  Uttar  Pradesh  to  get  high 
returns  from  land.  Sugarcane  and  potato  have  been  found  to  be  highly  paying  crop 
combinations  in  Maharashtra.  In  this  type  of  planting  the  potato  crop  is  grown 
between  two  rows  of  sugarcane.  Potato  and  fennel;  and  potato  and  onion  for  seed 
in  Haryana;  and  potato  and  onion  for  bulb  in  Satpura  area  of  Madhya  Pradesah  are 
the  other  profitable  companion  crops.  The  practice  of  green  manuring  is  beneficial 
to  the  potato  crop  as  it  improves  the  soil  physical  condition,  water-retention  capacity 
and  increase  the  nutrient  availability  to  the  potato  crop.  It  also  helps  in  reducing 
the  incidence  of  some  diseases  like  black  scruf  and  common  scab.  Green  manure 
crops  like  dhaincha  or  sanai  are  sown  in  the  second  or  third  week  of  June  just 
before  the  onset  of  monsoon  rains.  The  crop  is  burned  in  the  later  half  of  the 
August  with  moulded  plough. 

Field  preparation 

A  well  prepared  soil  not  only  provides  sufficient  room  for  the  development  of 
tubers  but  also  helps  to  retain  soil-moisture.  The  fields  are  ploughed  to  a  depth  of 
20-35cm  and  clods  are  broken.  Hot  weather  cultivation  by  ploughing  field  deep 
and  giving  one  or  two  turning  of  soils  in  the  summer  months  of  April-June  in  the 
plains  and  keeping  it  fellow  helps  in  checking  the  problem  of  soil-borne  pathogens 
and  also  the  perennial  weeds.  After  burying  of  green  manure,  the  fields  are  properly 
levelled  and  proper  provision  for  good  drainage  is  provided  in  the  fields.  Before 
planting,  fields  are  ploughed  with  mould  board  plough  or  disc  harrows  followed 
by  one  or  two  tillings  with  tiller. 
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Seed 

Potato  is  traditionally  propagated  through  tubers.  The  eyes  on  the  surface  of 
tubers  contain  axillary  buds.  Potato  tubers  have  a  dormancy  of  nearly  8-10  weeks. 
When  the  dormancy  is  over,  the  axillary  buds  start  germinating  producing  sprouts. 
Such  sprouted  tubers  when  planted  in  the  soil  put  up  fast  and  vigorous  growth. 
The  number  of  tubers  and  therefore,  yield  of  potato  is  highly  influenced  by  plant 
density  which  depends  on  number  of  main  stems.  The  multiple  sprouting  stage  is 
the  best  stage  for  planting,  because  it  generates  emergence  of  several  strong  stems. 
Pre-sprouting  of  seed  stocks,  therefore,  helps  in  increasing  the  number  of  main 
stems  and  consequently  the  yield.  It  also  ensures  quick,  uniform  and  full  germination. 
Storage  under  diffused  light  is  a  good  way  for  obtaining  seed  tubers  with  numerous 
vigorous  green  sprouts  that  emerge  rapidly  and  uniformly.  Seed  stocks  are,  therefore, 
taken  out  10-15  days  before  planting  from  the  cold  storages  and  are  kept  for  24hrs 
in  pre-cooling  chambers.  Thereafter,  they  are  spread  in  cool  and  shady  place  to 
sprout.  Only  well  sprouting  seed  tubers  are  planted. 

Proper  combination  of  seed  size  and  spacing  is  essendal  to  get  the  required 
number  of  stems  per  hectare.  A  stem  number  of  30  main  stem/m"  have  been 
found  to  be  optimum.  It  can  be  obtained  by  planting  40g  tubers  at  60cm  distance 
between  rows  and  20cm  distance  between  tuber  to  tuber  within  rows.  The  large 
size  and  small  size  seed  tubers  can  also  be  profitably  used  by  suitably  increasing 
and  decreasing  intra  row  spacings  between  tubers.  Since  tubers  are  sold  on  weight 
basis,  planting  of  large  tubers  is  more  expensive.  Large  size  tubers  are,  therefore, 
cut  in  pieces,  each  containing  at  least  one  eye.  Tuber  cutting  is  not  recommended 
specially  when  producing  a  seed  crop,  because  of  the  danger  of  transmitting  viruses 
and  bacteria.  When  cut  seed  tubers  are  planted,  special  care  is  taken  to  avoid  tuber 
decay. 

Seed  accounts  for  nearly  40%  cost  of  potato  cultivation  and  being  vegetatively 
propagated,  its  quality  is  most  important  in  production.  Varietal  purity  without 
any  mixture,  freedom  from  diseases  and  its  right  physiological  condition  are, 
therefore,  procured  from  State  Department  of  Horticulture/Agriculture  or  from 
State/National  Seed  Corporations.  Only  foundation  or  certified  seed  should  be 
used  and  the  seed  stocks  are  replaced  after  3-4  years. 

Seed  production 

Use  of  healthy  seed  in  vegetatively  crop  like  potato  is  very  important.  Continuous 
use  of  same  seed  stocks  year  after  year  without  periodic  replacement  allows 
infiltration  of  diseases  particularly  widely  prevalent  viruses.  These  viruses  readily 
spread  either  through  contact  of  plant  foliage  and  roots  in  field  or  through  aphid 
vectors  from  far  off  fields  or  within  fields.  They  have  debilitating  effect  and  are 
responsible  for  bringing  down  yield  potential  of  infected  tubers.  The  high  hills 
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were  the  traditional  sources  of  healthy  seed  as  population  of  aphids  remain  low 
due  to  low  temperatures  and,  therefore,  incidence  of  viruses  was  low  in  hill  grown 
seed.  However,  hills  account  for  only  5%  of  the  area  under  potato  and  the  produce 
was  not  enough  to  meet  the  seed  requirement  of  the  plains.  Further,  the  seed 
grown  in  hills  could  be  utilized  in  the  plains  only  during  spring  because  of  tuber 
dormancy,  thereby,  exposing  it  to  high  incidence  of  aphids  in  the  very  first  year. 
These  problems  were  overcome  in  early  sixties  when  a  number  of  locations  in  the 
country  were  surveyed  for  prevalence  of  aphids.  On  the  basis  of  data  on  appearance 
and  build-up  of  aphids  in  different  months,  it  was  found  that  potatoes  can  be 
successfully  grown  for  seed  production  in  many  parts  of  the  plains  under  low  or 
no  aphid  conditions.  This  led  to  the  development  of  ‘Seed  Plot  Technique"  which 
essentially  consists  of  raising  the  healthy  seed  crop  during  low  aphid  period  available 
in  northern  plains  during  October-January  and  cutting  of  haulms  and  harvesting 
the  crop  before  they  cross  damaging  level.  The  essential  components  of  the 
technique  are: 

1.  Use  of  disease-free  seed  only 

2.  Blind  earthing  up  of  crop  before  crop  emergence 

3.  Planting,  dehaulming  and  harvesting  of  crop  based  on  aphid  appearance 
and  build  up  in  different  regions  as  follows. 

4.  Application  of  granular  systemic  insecticide  at  planting/ earthing  and 

5.  Removal  of  off  types  and  diseased  plants  from  the  crop 


Region 

Planting 

Dehaulming 

Harvesting 

Punjab  and  Haryana 

7  October 

31  December 

1 5  January 

North-West  and  Central  plains 

1 5  October 

7  January 

25  January 

Eastern  Uttar  Pradesh  and 
Madhya  Pradesh 

31  October 

1 5  January 

31  January 

Bihar  and  West  Bengal 

7  November 

20  January 

31  January 

The  technique  was  further  refined  by  incorporating  the  following  steps: 

1.  Hot  weather  cultivation  and  green  manuring 

2.  Crop  rotation  of  2-3  years 

3.  One  or  two  sprays  of  systemic  insecticide  +  spray  of  Metalaxyl  or  Mancozeb 
in  December-January  and 

4.  Tuber  dip  treatment  with  3%  Boric  acid  for  30  minutes  after  harvest  and 
before  storage  of  the  produce. 

The  use  of  the  above  technique  helps  in  meeting  the  large  requirement  of  healthy 
seed  in  the  country.  The  northern  plains  have  now  emerged  as  the  major  producer 
of  healthy  quality  seed  potatoes. 
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Currently,  Central  Potato  Research  Institute,  Shimla  has  the  sole  responsibility 
of  producing  Breeder’s  seed  in  the  country.  The  Institute  produces  nearly  2,600 
tonnes  of  breeder’s  seed  every  year  at  its  four  regional  stations  located  in  the  plains 
at  Jalandhar  (Punjab),  Modipuram  (Uttar  Pradesh),  Patna  (Bihar)  and  Gwalior 
(Madhya  Pradesh)  and  one  at  Kufn/Fagu  (Himachal  Pradesh)  in  the  hills.The  seed 
is  allotted  to  the  State  Agricultural  /Horticultural  Departments  and  National  Seed 
Agencies  by  the  National  Potato  Seed  Distribution  Committee  of  the  Ministry  of 
Agriculture  for  further  multiplication  in  Foundation  and  Certified  seed  stages  and 
subsequent  distribution  to  the  farmers. 

Planting 

After  pre-planting  tillage  operations,  different  methods  are  used  for  potato 
planting  in  various  parts  of  the  country.  Ridge  and  furrow  method  is  the  most 
popular  method  carried  out  manually  or  mechanically.  In  manual  method,  the 
furrows  are  made  with  the  help  of  curved/ narrow-blade  spade  followed  by  fertilizer 
mixture  application,  covering  of  soil  and  finally  making  of  ridges.  The  seed  tubers 
are  dibbled  on  the  North  side  of  each  ndge  whereas  in  mechanical  method,  furrows 
are  made  with  the  help  of  tractor  drawn  2-4  row  marker  cum  fertilizer  drills  so  as 
to  apply  fertilizer  in  one  sequence.  This  is  followed  by  planting  of  tubers  with  the 
help  of  2-4  row  planter  cum  ndger.  In  absence  of  fertilizer  drill  and  automatic 
planter,  ridges  are  made  with  tractor  drawn  ndger  after  application  of  fertilizers 
and  tubers  are  dibbled  5-7cm  deep  on  the  ridges  manually.  In  another  method,  the 
field  is  marked  with  the  help  of  rope  or  marker  and  fertilizer  is  placed  on  the 
marked  lines.  Tubers  are  placed  on  these  lines  and  then  ridges  are  made  either  with 
bullock-drawn  implements  or  with  narrow-blade  spade  manually.  In  the  hills,  after 
placement  of  fertilizer  in  shallow  furrows  drawn  with  hand  tools  ( Khiana  or  Kudat) 
tubers  are  placed  and  covered  with  soil  to  make  ridges.  In  all  these  methods  care  is 
taken  that  seed  tubers  do  not  come  in  direct  contact  of  fertilizers. 

Nutrient  requirement  and  management 

Potato  responds  well  to  manures  and  fertilizers  as  compared  to  cereals  and 
legumes.  The  fertilizer  requirement  varies  with  the  soil  and  previous  crop  taken  in 


Soil  type 

Recommended  doses  (kg/ha) 

N 

P 

K 

Alluvial 

180 

80 

110 

Black 

115 

45 

50 

Red 

120 

115 

135 

Hill  soils 

115 

135 

95 
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the  field.  The  requirement  of  major  nutrients  in  different  soil  types  are  as  follows: 

Nitrogen  is  the  primary  limiting  nutrient  in  potato  production  direcdy  affecting 
the  tuber  yield  in  all  soil  groups.  It  increases  roots,  foliage  and  tuber  growth.  Nitrogen 
is  applied  to  the  crop  in  two  split  doses,  i.e.  half  at  the  time  of  planting  and  remaining 
half  at  the  time  of  earthing  up  for  effective  utilization  by  the  crop.  Both  calcium 
ammonium  nitrate  (CAN)  and  ammonium  sulphate  are  good  sources  of  nitrogen 
in  potato  crop.  Urea  though  less  efficient  is  a  cheaper  source  and  can  also  be 
applied  either  alone  or  in  combination  with  CAN  in  1  :  1  ratio  of  N  basis. 
Phosphorus  and  potassium  are  the  other  two  essential  elements  in  potato 
production.  Phosphorus  increases  tuber  yield  by  increasing  the  yield  and  number 
of  medium  size  tubers  whereas  potassium  increases  the  number  of  large  size  tubers. 
The  application  of  P  and  K  in  furrows  in  full  dose  at  the  time  of  planting  gives  the 
best  results.  Water-soluble  phosphate  fertilizers  like  superphosphate  and  DAP  are 
most  suitable  for  potato.  Similarly  potassium  sulphate  is  a  better  source  of  K  than 
muriate  of  potash.  The  residual  phosphorus  and  potash  are  generally  adequate  and 
nitrogen  requirement  is  reduced  to  half  for  good  growth  of  succeeding  cereal 
crop.  Farmyard  manure  has  been  found  to  be  useful  in  potato  production  and  its 
application  @  30  tonnes/ha  has  been  found  to  meet  entire  P  and  K  needs  of 
potato  and  succeeding  cereal  crop  besides  meeting  micro-nutrient  needs. 

Mulching 

Mulch  helps  in  conserving  soil-moisture,  reducing  soil-temperature  and  inducing 
quick  germination.  It  also  suppresses  weed  growth.  Plant  material  such  as  paddy 
straw,  wheat  husk,  maize  or  jowar  stalks  or  farm  refuse  acts  as  good  mulch  and  is 
applied  on  ridges.  In  hilly  regions,  local  available  material  such  as  pine  needles  or 
leaf  litters  are  quite  effective  in  controlling  run  off  loss  and  conserving  moisture. 

Irrigation 

Water  is  one  of  the  essential  component  required  for  growth  and  development 
of  crop.  The  total  water  requirement  varies  between  350-550mm  depending  upon 
soil  type,  climate  and  crop  duration.  Pre-planting  irrigation  is  advantageous  for 
uniform  germination.  Second  irrigation  is  given  after  about  a  week  and  subsequent 
as  an  when  required.  Light  and  frequent  irrigations  are  better  than  heavy  and  less 
frequent  irrigations.  In  short  supply  of  irrigation  water,  water  is  applied  eficiendy 
and  economically  at  critical  stages  in  crop  development,  i.e.  at  stolon  formation, 
tuber  initiation  and  tuber  development  stages  of  crop.  Irrigation  is  stopped  about 
10  days  before  harvesting  of  crop  to  allow  firming  tuber’s  skin. 

Weed  management 

Weeds  compete  for  nutrients,  moisture,  light  and  space  and  cause  considerable 
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loss  in  potato  yields.  They  also  harbours  a  few  pathogens  and  act  as  host  to  number 
of  insects  and  pests.  Important  weeds  of  potato  fields  in  plains  are  Anagallis  arvensis, 
Chenopodiutn  album,  Poa  spp.,  Trianthema  monogyna,  Vicia  sativa,  Cyperus  rotundus, 
Spergula  arvensis,  Melilotus  spp.,  and  Oxahs  spp.  In  the  hills  Amaranthus  spp., 
Chenopodium  album,  Cynodon  dactylon,  Oxahs  latifolia,  Polygonum  spp.,  Spergula 
arvensis,  Digitaria  adscendens  and  Setarta  glauca  are  the  most  common  weeds  in 
potato  fields.  Weeds  are  effectively  managed  by  cultural  or  chemical  methods  or 
combination  of  both  the  methods.  They  are  effectively  controlled  by  hoeing  and 
weeding  when  the  crop  is  about  a  month  old  followed  by  earthing  up.  Among 
herbicide  pre-planting  application  of  Fluchloralin  and  Pendamethalin  and  pre¬ 
emergence  application  of  Alachlor,  Linuron,  Metribuzin,  Nitrofen,  Oxyflorfen, 
Ametryn,  Simazine  etc.,  are  the  most  efective  herbicide  for  weed  control.  Among 
post-emergence  herbicides,  Paraquat  at  about  5%  emergence  and  Propanil  at  about 
2-3  leaf  stage  are  quite  effective. 

Plant  Protection 

The  potato  plant  and  its  underground  tubers  are  attacked  by  several  diseases 
and  pests.  The  important  ones  are  late  blight  of  potato  which  affects  the  stems, 
leaves,  and  the  tubers  and  causes  heavy  losses  in  tuber  yield.  The  disease  appears  in 
the  crop  in  the  hills  every  year  but  in  the  plains  only  occasional.  Other  leaf  spot 
diseases  affecting  leaves  and  stems  are  early  blight,  Phoma  and  leaf  blotch.  Among 
the  diseases  affecting  tubers,  the  blackscurf,  common  scab  and  wart  are  important. 
The  blackscurf  and  common  scab  diseases  are  present  in  all  potato  growing  areas 
of  the  country.  These  diseases  do  not  affect  the  yield  much,  however,  they  disfigure 
the  tubers  and  reduce  their  market  value.  The  wart  disease  affects  both  the  plants 
and  the  tubers.  It  causes  heavy  losses  in  tuber  yield.  The  disease  is  confined  to  the 
Darjeeling  hills  of  West  Bengal.  The  brown  rot  of  tuber  is  another  important 
disease  of  potato.  This  disease  causes  wilting  of  plants  in  the  field  and  hence  also 
known  as  bacterial  wilt  disease.  This  disease  is  present  mainly  in  the  mid-hills  and 
in  pockets  of  Assam,  Meghalaya,  Maharastra,  Karnataka  and  Orissa  in  the  country. 

Aphids  and  leaf-hoppers  are  mainly  important  as  they  are  responsible  for 
transmitting  and  spreading  a  number  of  viral  and  mycoplasmal  diseases.  Among 
pests,  the  cutworms,  white  grubs,  potato  tuber  moth  and  cyst  nematodes  are 
important.  The  cutworm  damages  the  plants  in  field  by  cutting  the  stem  at  ground 
level  and  the  white  grub  damages  the  tubers.  The  potato  tuber  moth  is  present  in 
the  plateau  region  and  in  some  pockets  in  the  hills  of  Himachal  Pradesh.  It  damages 
the  plants  in  the  field  and  the  tubers  in  fields  and  stores.  The  cyst  nematodes  are 
present  in  the  southern  hills  only.  They  affect  the  roots,  hinder  the  movement  of 
nutrients  to  the  plant  and  thereby  reduce  crop  yields. 
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Potato  diseases 

1,  Late  blight  on  foliage;  2,  late  blight  on  tubers;  3,  common  scab  on  tubers;  4,  black  scurf  on 
tubers;  5,  brown  rot  in  tubers;  6,  severe  mosaic  due  to  virus 


Effective  control  measures  have  been  developed  against  most  of  the  diseases. 
The  integrated  disease  mangement  (IDM)  components  that  are  employed  in  crop 
protection  are  (i)  deployment  of  short-duradon  varieties  which  may  escape  the 
disease  and  do  not  allow  build-up  of  pathogen,  e.g.  for  late  blight,  soil  and  tuber 
borne  diseases  and  bacterial  wilt  (li)  use  of  agronomic  practices  like  healthy  seed, 
hot  and  cold  weather  cultivation,  green  manuring,  irrigation,  fertilizer  application, 
storage  and  employment  of  seed  plot  technique  e.g.  for  viruses,  aphids,  late  blight, 
potato  tuber  moth  etc.,  (iii)  use  of  bio-control  measures  like  host  resistance,  bio- 
agents,  plant  products  and  sex  pheromones  for  diseases  like  late  blight, early  blight 
and  other  foliar  diseases,  wart  and  pests  like  cyst  nematodes  and  iv),  use  of  chemicals 
e.g.  fungicides,  insecticides  and  other  chemical  alone  or  in  combination  with  other 
components  for  control  of  diseases  like  early  and  late  blights  and  other  foliar 
spots,  soil  and  tuber  borne  diseases  like  black  scruf  and  common  scab,  pests  like 
potato  tuber  moth  and  cyst  nematode.  The  IDM  components  for  major  diseases 
and  pests  are  summarized  below  in  the  table. 
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Disease/pest 

Variety 

Agronomic 

Bio-control 

practices 

Chemical 

Late  blight 

R/SD 

Irrgn.,  High 
ridging 

Penicillium 

Trichoderma 

Mancozeb 

Metalaxyl 

Soil/tuber  Borne 

SD 

* 

Fusarium 

Boric  acid 

Bacterial  wilt 

SD 

* 

Bacillus 

Pseudomonas 

Bleaching 

powder 

Viruses 

T 

SPT 

Meristem/Chemo 

Themothrapy 

Potato  tuber-moth 

- 

Plant  deep, 
Cold  store 

G.virus,  lantana 
Pheromones 

Carbaryl 

Wart 

1 

- 

- 

- 

Cyst  nematodes 

R 

- 

Paceomyces 

Aldicarb 

Early  blight  and 
leaf  spot 

R 

Sanitation 

- 

Mancozab  + 
Urea 

Aphids 

- 

- 

- 

Insecticides 

R,  Resistant;  SD,  short-duration;  T,  tolerant;  I,  Immune. 


Harvesting 

Harvesting  of  potatoes  is  done  before  the  temperatures  rise  above  30°C.  It  is 
completed  by  end  of  January  in  central  and  eastern  plains  and  by  15  February  in 
the  western  plains  to  avoid  rottage  of  tubers  due  to  high  temperatures  in  March/ 
April.  The  crop  is  harvested  10-15  days  after  stoppage  of  last  irrigation.  This 
allows  tuber  skin  to  become  firm  and  tubers  do  not  bruise  on  harvesting.  Harvesting 
is  done  manually  with  the  help  of  spade  or  khurpv,  or  by  bullock  drawn  single  row 
digger/plough.  It  is  also  done  mechanically  with  the  help  of  1-4  row  potato  digger. 

Post-harvest,  handling  and  storage 

Nearly  one  fifth  of  the  total  potato  production  in  the  country  is  used  as  planting 
material  in  the  following  season.  Therefore,  post-harvest  handling  particularly  seed 
stocks  becomes  very  important.  After  harvesting  potatoes  are  kept  in  heaps  in 
cool  places  for  another  10-15  days  for  drying  and  curing  of  skin.  Heaps  3-4  metre 
long,  wide  at  the  base  and  1  metre  in  the  central  height  are  the  best.  In  hills  the 
harvested  potatoes  are  spread  in  well  ventilated  rooms  for  drying.  Before  grading 
all  the  cut,  damaged  and  rotted  tubers  are  removed.  The  tubers  are  then  graded 
and  packed  in  gunny  bags  according  to  sizes  preferably  in  4  sizes,  e.g.  small  (below 
25g),  medium  (25-50g),  large  (50— 75g)  and  extra  large  (above  75g).  After  grading 
potatoes  meant  for  use  as  seed  next  year  are  treated  with  3%  boric  acid  solution 
for  30  minutes  for  protecting  against  soil-borne  pathogens,  eg.  black  scurf,  common 
scab  etc.  before  storing  in  the  bags. 

In  the  plains  the  seed  potatoes  after  drying,  curing  and  grading  are  stored  in 
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cold  stores  where  temperature  is  maintained  at  2°-4°C  with  high  relative  humidity. 
The  low  temperature  checks  sprouting  and  rottage  and  high  relative  humidity 
reduces  weight  loss  in  tubers. 

Marketing 

Potatoes  are  semi-perishable  and  bulky  and,  therefore,  their  transport  to  long 
distances  is  problem.  Often  potatoes  rot  during  transit  because  of  high  temperatures 
at  the  time  of  transport.  The  problem  is  compounded  further  due  to  shortage  of 
transporting  wagons.  The  total  cold  storage  capacity  in  the  country  is  adequate 
only  to  store  nearly  35—40%  of  total  potato  production.  Their  functioning  is  many 
times  not  up  to  the  mark  and  is  marked  by  various  malpractices.  The  markets  in 
potato  producing  belts  in  northern  India  are  also  not  properly  integrated  with 
major  consuming  markets  of  metropolitan  cities  in  other  regions.  Because  of  these 
factors  marketing  of  potato  is  a  complicated  process  and  potato  prices  are  prone 
to  high  fluctuations  and  often  glut  situations. 

Value  added  products  of  potato 

Potatoes  can  be  easily  processed  into  dehydrated  and  canned  products  like  chips, 
flakes,  french  fries,  finger  chips,  granules,  disc,  cubes,  flour  etc.  On  industrial  scale, 
processing  is  largely  confined  to  developed  countries.  However,  in  recent  years  the 
processing  industry  is  also  picking  up  in  India.  It  is  desirable  to  avoid  gluts  and 
consequent  difficulty  of  storing  large  quantities  of  potatoes  during  periods  of  high 
temperatures  after  harvest  in  the  plains. 

NATIONAL  AND  INTERNATIONAL  INSTITUTIONS 

Central  Potato  Research  Institute  (CPRI) 

CPRI  is  one  of  the  institutes  under  Indian  Council  of  Agricultural  Research 
(ICAR),  New  Delhi.  It  was  established  in  1949  with  headquarters  at  Patna  which 
was  later  shifted  to  Shimla  in  1956.  The  Institute  is  responsible  for  research  and 
development  on  all  aspects  of  potato  with  its  8  regional  stations  located  in  important 
potato  growing  regions  in  the  country.  The  main  mandate  of  the  Institute  includes 
(i)  breeding  and  selection  of  high  yielding  and  disease  resistant  varieties  suited  to 
different  agro-climatic  conditions  of  the  country,  (ii)  standardization  of  package  of 
practices  of  cultivation  in  relation  to  soil-cultivar-climate  complex,  (iii)  survey, 
identification  and  investigations  on  major  diseases  and  pests  and  developing  their 
control  measures,  (iv)  production  of  disease  free  nucleus  and  breeder’s  seed  and 
(v)  training  personnel  in  different  aspects  of  potato  cultivation  and  dissemination 
of  latest  technology.  The  Institute  carries  out  its  research  and  development 
programme  under  7  divisions,  viz.  Crop  Improvement,  Crop  Physiology  and 
Biochemistry,  Crop  Production,  Crop  Protection  ,  Seed  Production,  Social  Sciences 
and  Post-harvest  Technology. 
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All  India  Coordinated  Potato  Improvement  Project  (AI CPIP):  AICPIP  started 
in  1971  with  its  headquarters  at  CPRI,  Shimla  in  Himachal  PradeshT  It  has  22 
centres  located  in  the  regional  stations  of  CPRI  and  State  Agricultural  Universities 
(SAUs)  representing  the  major  potato  growing  regions  of  the  country.  The  project 
acts  as  a  link  with  SAUs  for  testing  and  recommending  potato  varieties  and 
technologies  on  all  India  level.  The  project  also  tackles  the  regional  problems  of 
potato. 

International  Potato  Centre  (CIP):  CIP  is  an  autonomous  scientific  institution 
at  Lima  in  Peru,  established  in  1971  by  agreement  with  the  Government  of  Peru.  It 
is  one  of  the  16  International  Research  and  Training  Centres  supported  by 
Consultative  Group  on  international  Agricultural  Research  (CGIAR).  The  CGIAR 
is  sponsored  by  Food  and  Agricultural  Organization  (FAO)  of  the  United  Nations, 
the  United  Nations  Development  Programme  (UNDP),  the  United  Nations 
Environment  Programme  (UNEP)  and  the  World  Bank,  other  international 
organizations  and  private  foundations.The  CIP  with  its  New  Delhi  based  South 
West  Asia  centre  is  collaborating  with  CPRI/ICAR  on  exchange  and  evaluation  of 
germplasm,  potato  production  through  true-potato-seed  (TPS),  development  of 
heat-tolerant  varieties,  potato  storage  etc. 
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Sweet  Potato 
(Ipomoea  batatas  L.) 

P  G  Rajendran  and  J  Sreekumar 

Ipomoea  batatas  L.,  the  cultivated  sweet  potato,  belongs  to  the  family  Convol- 
vulaceae,  genus  Ipomoea  and  section  Batatas.  Sweet  potatoes  are  grown  throughout 
the  tropics  for  their  edible  tuber  which  is  an  important  source  of  food  in  many 
countries. 

Area  and  production 

In  the  world  scenario,  more  than  80%  of  the  area  under  sweet  potato  cultiva¬ 
tion  and  production  lies  in  Asia.  Among  the  Asian  countries,  China  ranks  first  in 
area  and  production.  India  with  l,30,000ha  (0.11%  of  the  gross  cropped  area  in 
India)  is  the  largest  sweet  potato  producer  in  south  Asia  and  sixth  largest  in  the 
world.  Sweet  potato  is  grown  mainly  in  Assam,  Bihar,  Karnataka,  Madhya  Pradesh, 
Maharashtra,  Orissa  and  Uttar  Pradesh.  Orissa,  Uttar  Pradesh  and  Bihar  account 
for  89%  area  and  88%  of  production  nation  wide.  The  productivity  of  sweet  potato 
in  India  is  more  than  half  of  the  world  average. 

Uses 

Sweet  potatoes  are  mainly  utilized  as  human  food  stuff.  In  the  tropics  the  major 
portion  of  the  crop  is  eaten  straight  from  the  ground  as  a  vegetable,  after  boiling, 
baking  or  frying.  In  India  and  parts  of  east  Africa,  the  pealed  tubers  are  sometimes 
sliced  and  dried  in  the  sun  to  produce  chips,  which  are  often  ground  into  flour.  In 
USA  about  60-70%  of  the  sweet  potato  is  utilized  for  human  food.  They  are 
eaten  fresh,  canned,  frozen  or  dehydrated  and  used  in  a  variety  of  food  products, 
such  as  pie  fillings,  purees,  candied  pieces,  souffles,  baby  foods  etc.  Sweet  potatoes 
can  be  used  as  a  source  of  starch  for  use  in  the  textile,  paper,  cosmetic  and  food 
manufacturing  industries,  and  for  the  preparation  of  adhesives  and  glucose.  Sweet 
potato  flour,  can  be  used  as  substitute  for  wheat  flour  in  bread  and  pastery  mak¬ 
ing.  Sweet  potatoes  can  be  used  as  a  high  carbohydrate  feeding  stuff  for  cattle,  pigs 
and  in  poultry. 

Origin  and  distribution 

South  America  has  been  widely  recognized  as  the  centre  of  origin  of  sweet 
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potato.  Gautemala  and  southern  Peru  are  identified  as  secondary  centres  of  high 
diversity.  The  genus  Ipomea  consists  of  about  175  species  amongst  which  I.  batatas 
is  the  only  tuber  bearing  species  even  though,  a  few  species  are  known  to  have 
thickened  roots.  All  the  species  in  section  Batatas  have  chromosome  numbers 
built  on  multiples  of  X  =  15.  I.  batatas  is  a  hexaploid  having  90  chromosomes. 

Although  the  exact  origin  of  sweet  potato  is  not  known,  the  species  I.tnflda  is 
thought  to  be  its  nearest  wild  relative  and  its  most  probable  ancestor.  Sweet  potato 
might  have  originated  through  two  evolutionary  events;  (a)  the  occurrence  of  trifida 
(6x)  by  duplication  of  a  single  chromosome  set  B  from  leucantha  or  a  close  relative 
and  (b)  domestication  of  wild  type  characteristics  of  trifida  (6X)  into  cultivated 
types.  It  is  interesting  that  natural  autohexaploid  usually  have  been  free  from  any 
deleterious  effect  of  high  autoploidy. 

Sweet  potato  was  introduced  in  Europe,  probably  in  Spain  at  least  60  years 
before  Irish  potato.  The  introduction  and  spread  in  Africa  and  Asia  closely  follows 
the  establishment  of  trading  setdements  by  Spanish  and  Poutuguese.  In  Polynesia, 
it  was  known  in  much  earlier  times  and  it  is  presumed  that  it  might  have  been 
accidentally  transported  in  one  of  the  Peruvian  rafts  that  got  lost  in  the  central 
Pacific  long  before  the  discovery  of  New  World.  But  the  presence  of  extra  hard 
seed  coat  in  sweet  potato  gave  way  for  a  plausible  suggestion  that  the  seeds  of 
sweet  potato  reached  Polynesia  by  floating. 

Though,  a  tuber  similar  to  sweet  potato  is  cited  in  Vedic  literature,  generally  it  is 
considered  to  have  been  introduced  in  India  by  Portuguese  in  early  sixteenth  cen¬ 
tury.  Almost  simultaneously  it  reached  China  and  after  a  great  famine  it  became 
popular  there  and  later  it  reached  Japan  from  Okinawa. 

Botany 

Although  sweet  potato  is  often  treated  as  an  annual  crop,  the  plant  is  a  peren¬ 
nial  vine.  Each  plant  produces  many  trailing  stems  which  seldom  rise  more  than 
45cm  above  the  ground.  Sweet  potatoes  have  herbaceous,  creeping  or  trailing  stems 
(vines)  with  short-internodes  and  semi-erect  growth  habit  with  adventious  roots 
that  end  in  swollen  roots.  Leaves  are  spirally  arranged  along  the  stems,  may  be 
shouldered,  toothed,  entire,  deeply  cleft  or  variously  lobed  and  the  petioles  vary  in 
length,  thickness  and  degree  of  erectness.  Pigmentation  also  varies  from  green  to 
deep-purple.  The  flowers  are  solitary  or  cymose  and  vary  in  color  from  white  to 
purple,  the  fruit  is  glabrous  or  hirsute,  dehiscent  capsule  5-8mm  in  diameter  con¬ 
taining  2-4  angular,  brownish-black  seeds  with  a  very  hard  testa.  The  root  tubers 
vary  in  sixe,  shape,  colour  and  food  quality  depending  on  the  varieties.  Anthesis  in 
the  crop  takes  place  very  early  in  the  morning  say  between  4-5am  and  majority  of 
the  pollen  becomes  dry  by  7am  and  pollination  becomes  totally  ineffective  after 
7am.  It  becomes  very  difficult  to  attempt  crosses  early  in  the  morning. 
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CROP  IMPROVEMENT 


Breeding  objectives 

Breeding  objectives  will  depend  on  the  agro-ecological  and  socio-economic 
situations  of  the  region,  available  indigenous  and  exotic  germplasm  resources,  in¬ 
heritance  patterns  of  various  traits  of  economic  importance  and  the  constraints 
related  to  crop  production.  The  important  breeding  objectives  are:  High  yield  with 
better  taste  and  quality,  early  maturity,  wider  adaptability,  resistance  to  disease  and 
pests  mainly  for  sweet  potato  weevil,  drought-tolerance,  better  storage  and  keep¬ 
ing  quality,  processing  attributes  and  nutritional  value  such  as  carotene  content. 

Breeding  methods 

Introduction  and  selection :  Collection  of  germplasm  from  local  sweet  potato 
growing  areas  and  from  foreign  countries  has  been  the  practice  since  long.  In 
India  over  1,000,  in  Bangladesh  about  500  and  in  Sri  Lanka  around  250  local  and 
exotic  germplasm  accessions  of  sweet  potato  have  been  collected  maintained  and 
evaluated  and  used  in  the  breeding  programme.  In  India  the  exotic  collections  are 
from  Japan,  Taiwan,  Nigeria,  Puerto-Rico,  USA,  Argentina,  Sudan,  Nairobi,  PNG, 
CIP,  Lima-Peru. 

Interspecific  and  intervarietal  hybridization:  Through  hybridization  new 
populations  have  been  raised  by  adopting  three  different  pollination  methods: 
open  pollination,  polycross  and  specific  hand-made  biparental  crosses. 

Open  pollination  method:  In  open  pollination  the  various  parental  lines  are 
allowed  to  intermate  randomly  and  seeds  are  collected  from  female  lines.  In  this 
method,  there  is  no  control  on  males  and  the  hybrid  seeds  are  the  product  of 
superior  or  inferior  males  and  females  and  more  over  there  could  be  chances  of 
inbreeding  depressions  in  the  population  by  repeated  pollination  through  bees. 
The  approach  through  this  method  is  not  directional  and  it  is  difficult  to  achieve 
the  desired  objectives. 

Poly  cross  method:  In  sweet  potato  polycross  method  and  mass  selection  fol¬ 
lowed  with  repeated  cycles  of  recurrent  selection  can  be  followed.  In  this  method, 
the  tested  males  and  females  known  for  their  performance  are  allowed  to  randomly 
inter-mate  among  themselves  and  hybrid  seeds  are  collected  from  the  females. 
Thus,  the  product  (hybrid  seeds)  is  from  the  known  females  and  males.  The  ap¬ 
proach  is  directional  and  objectives  or  breeding  goals  can  be  achieved  faster  and 
enough  hybrid  seeds  could  be  produced  for  population  improvement.  This  method 
is  generally  used  by  breeders  for  the  improvement  of  sweet  potato. 

Specific  hand-pollinated  biparental  cross  method:  Because  of  hard  labour  in¬ 
volved  in  emasculation,  bagging  and  pollination  very  early  in  the  morning,  the 
specific  hand  pollinated  biparental  crosses  are  rarely  attempted  but  for  conducting 
genetic  studies  on  the  inheritance  of  various  traits  one  has  to  go  for  this  method. 
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Selection:  Selection  leads  to  directed  change  in  gene  frequencies  that  do  not 
involve  mutation  or  migration.  Mass  selection  followed  with  few  cycles  of  recur¬ 
rent  selection  could  be  practised  for  sweet  potato  improvement. 

Important  varieties  in  major  sweet  potato  growing  areas: 


Assam 

Bihar 

Maharasthtra 
Madhya  Pradesh 
Andhra  Pradesh 
Uttar  Pradesh 
Orissa 
Tamil  Nadu 


Kalmegh 

Kalmegh  X  24,  Sree  Bhadra,  RS  5,  RS  35,  RS  43 

Varsha,  Sree  Vardhini,  Sree  Bhadra 

Kalmegh,  Sree  Bhadra 

Samrat,  Kiran 

VL  Sakarkand 

Gouri,  Sankar 

CO  1 ,  CO  2,  CO  3 


Climate 

Sweet  potatoes  are  widely  grown  from  sea  level  up  to  2,400m.  Highest  mean 
yeild  is  recorded  at  the  lowest  elevation. 

Sweet  potatoes  are  moderately  drought-tolerant.  Sweet  potato  grows  well  in 
areas  with  an  average  annual  rainfall  of  750mm  or  more.  Short-days  with  a  low 
light  intensity  promote  root  development  and  the  crop  requires  a  day  length  of 
11.5hrs  or  less  to  promote  flowering.  It  tolerates  shady  conditions  but  not  dense 
shade.  The  ideal  conditions  for  high  yield  are  good  rains  during  the  period  of  early 
growth  and  dry  sunny  weather  during  the  period  of  tuber  bulking  and  maturity.  A 
warm  humid  climate  with  reliable  rainfall  gives  best  yeilds.  It  grows  best  at 
temparature  >  24°C.  Growth  is  restricted  by  cold  weather  and  plant  is  damaged  by 
temperatures  below  10°C  and  needs  a  minimum  frost- free  growing  period  of  4-6 
months  in  warm  temparature  areas. 


Soil 

Sweet  potato  is  grown  in  a  wide  variety  of  soils  but  sandy  loams,  reasonably 
high  in  organic  matter  with  a  permeable  sub-soil.  Sweet  potato  is  known  as  an 
acid-tolerant  crop  and  requires  a  pH  range  of  5. 6-6. 6.  They  are  sensitive'  to  alka¬ 
line  and  saline  conditions.  Heavy  clay  or  soils  very  rich  in  humus  generally  result  in 
good  growth  of  shoot  and  leaves  but  normally  result  in  low  yields  and  poor  quality 
produce.  The  crop  cannot  withstand  water-logging  and  good  drainage  is  essential. 

Planting  season 

Sweet  potato  is  grown  throughout  the  country  as  ramfed  crop  during  kbarif 
(June-August)  and  with  supplement  irrigation  during  rabl  (October-December). 
Major  area  under  sweet  potato  is  planted  during  rabl  season  with  warm  sunny 
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days,  cool  nights  and  moderate  rainfall  preferable  for  higher  tuber  yield.  Planting 
sweet  potato  in  late  September  or  early  October  resulted  in  higher  tuber  yield  in 
Tamil  Nadu  and  Kerala.  In  onssa,  Andhra  Pradesh  and  Tamil  Nadu  the  crop  is 
grown  both  in  kharif  and  rabi  seasons  whereas  in  West  Bengal  the  main  growing 
season  in  rabi. 

Planting  material 

Sweet  potato  is  usually  vegetatively  propagated  through  vine  cuttings  obtained 
from  harvested  plants  or  from  nursery.  Vines  obtained  from  nursery  are  found  to 
be  healthy  and  vigorous. 

Primary  nursery :  For  planting  one  hectare  of  land,  about  100m2  of  primary 
nursery  area  and  about  100kg  of  medium  sized  weevil- free  seed  tubers  of  125— 
1 50g  each  are  required.  The  nursery  preparation  start  3  months  prior  to  planting 
in  the  main  field.  Tubers  are  planted  at  a  spacing  of  20cm  in  ridges  formed  60cm 
apart.  Proper  irrigation  on  every  alternate  day  for  10  days  and  thrice  a  week  there¬ 
after  and  top  dressing  with  1.5kg  urea/ 100m2  at  15th  day  after  planting  will  ensure 
quick  growth.  At  45th  day  the  vines  can  be  cut  to  a  length  of  20— 30cm  for  further 
multiplication  in  secondary  nursery. 

Secondary  nursery:  The  vines  obtained  from  primary  nursery  are  planted  in  the 
secondary  nursery  at  a  spacing  of  20cm  within  ridges.  To  produce  enough  planting 
material  for  one  hectare  of  land  an  area  of  500m2  is  needed  as  secondary  nursery. 
Urea  @  5kg/ 500m2  is  applied  in  two  split  doses  at  15th  and  30th  day  after  planting. 

Cuttings  of  20-45cm  long  of  the  apical  part  of  the  vine  with  at  least  3-5  nodes 
are  optimum  for  tuber  production.  The  planting  material  is  commonly  wilted  for  a 
few  days  before  planting  to  encourage  root  initiation;  it  may  be  covered  with  a 
layer  of  vegetation  or  may  be  kept  in  the  shade  with  no  direct  cover. 

Planting  methods 

Land  is  ploughed  to  a  depth  of  20cm  and  harrowed  to  pulvarise  the  soil.  The 
planting  methods  followed  are: 

Mound  method 

Ridge  and  furrow 

Bed  method 

Flat  method 

The  cuttings  are  planted  in  the  soil  with  both  ends  exposed  and  the  middle 
portion  buried  in  the  soil.  Vines  are  also  planted  in  an  inclined  position  with  half 
of  its  length  buried  in  the  soil. 

Spacing 

A  closer  spacing  is  generally  recommended  for  sweet  potato  to  achieve  maximum 


345 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


tuber  yeild.  A  distance  of  30-60cm  between  rows  and  15-20cm  between  plants 
within  a  row  gave  maximum  yeild  in  different  parts  of  India.  The  recommended 
general  spacing  is  60  X  20cm,  which  will  accomodate  about  83,000  cuttings  per 
hectare. 

Interculture 

Weeding  may  become  necessary  in  the  early  stages  of  growth.  Earthing  up  of 
soil  also  brings  about  weed  control  besides  improving  the  physical  condition  of 
the  soil.  Weeding  and  earthing  up  of  soil  has  to  be  given  between  1 5-30  days  after 
planting  along  with  top  dressing.  Vines  are  to  be  lifted  at  nodes  to  prevent  rooting 
and  to  facilitate  better  rooting  and  tuber  development  at  the  basal  end. 

Irrigation 

They  are  successfully  grown  under  irrigation.  Four  to  eight  irrigations  supplying 
112— 150cm  of  water  being  generally  recommended.  They  can  tolerate  consider¬ 
able  periods  of  drought,  but  yields  less,  if  a  water  shortage  occurs  50—60  days  after 
planting  when  initiation  of  storage  root  has  began. 

Manuring 

The  crop  response  to  organic  manure  is  good.  In  addition  to  the  application  of 
farmyard  manure  @  5  tonnes/ha,  the  following  fertilizers  dose  is  recommended 
for  different  regions: 


Bihar 

West  Bengal  and  Assam 

Andhra  Pradesh 

Karnataka 

Nitrogen 

40kg/ha 

60kg/ha 

60kg/ha 

PA 

40kg/ha 

60kg/ha 

90kg/ha 

k2o 

60kg/ha 

60kg/ha 

60kg/ha 

For  a  yield  of  15  tonnes/ha,  the  crop  removed  70kg  N,  20  P20.  and  llOkg/ha 

k2o. 


Harvesting  and  yield 

Both  varietal  and  envirnmental  factors  play  a  significant  role  in  deciding  the 
time  of  harvest  in  sweet  potato.  Single  harvesting  and  double  harvesting  are  practised 
in  sweet  potato.  In  North  India,  sweet  potato  takes  about  5-6  months  for  maturity 
while  the  duration  is  within  4  months  in  South.  Maturity  of  tubers  gives  a  dark- 
greenish  colour,  white  in  mature  tubers,  the  cut  ends  dry  clearly.  Sweet  potato 
harvesting  is  usually  by  manual  labour.  The  field  is  irrigated  2-3  days  prior  to 
harvesting  for  easy  harvesting.  Yields  may  vary  from  5.0-15  tonnes/ha  of  fresh 
tubers.  In  addition  2.5-10  tonnes/ha  of  tops  are  produced  which  is  a  valuable 
cattle  feed. 
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Storage 

Sweet  potato  is  subjected  to  several  forms  of  post-harvest  losses,  due  to  bio¬ 
logical  process  in  storage,  physical  damage,  pathological  decay,  sprouting  and  wee¬ 
vil  infestation.  The  traditional  methods  of  curing  and  storage  are  spreading  the 
roots  in  the  sun  for  one  week;  providing  suitable  water-proof  covering  during 
night,  and  then  storing  in  well  ventilated  rooms.  Other  methods  are  keeping  heaps 
of  sweet  potato  roots  in  pits,  covered  with  paddy  straw.  The  best  way  to  minimize 
damage  in  storage  is  to  store  healthy  roots  that  are  free  from  insect  damage  and 
mechanical  injury.  Such  roots  are  heaped  and  covered  with  soil  or  wood  ash  for 
about  two  months.  Keeping  the  roots  in  earthen  pots  realed  with  fine  net  or  cloth 
also  prevents  the  entry  to  pests  and  ensure  storage  for  up  to  three  months.  Tubers 
can  be  converted  into  value  added  products  such  as  dehydrated  flakes  and  starch 


PESTS 

Sweet  potato  weevil  (Cylas  formicarius  F.) 

Among  the  pests  that  attack  sweet  potato,  the  most  serious  one  is  the  weevil 
(Cylas  formicarius  F.).  Adult  beetle  is  black  with  reddish-brown  prothorax  append¬ 
ages.  Sexually  dimorphic;  antenna  is  longer  and  filliform  in  male  where  as  club- 
shaped  in  female.  Egg  is  white  microscope  and  oval  in  shape  and  covered  with 
faecal  matter.  Adults  and  grubs  cause  damage  to  crop  both  in  the  field  and  in 
store.  Adult  weevil  feeds  on  all  parts  of  the  plant  while  the  attack  of  grub  is  re¬ 
stricted  to  vines  and  tubers.  Emergence  hole  can  be  noted  on  the  collar  region  of 
vines.  Feeding  holes  on  the  leaf,  tuber  and  swelling  of  collar  region  of  the  vines  are 
some  symptoms  of  weevil  infestation.  Generally  the  weevil  damage  is  higher  in 
summer  crop.  A  lower  damage  is  observed  when  the  gap  between  maximum  and 
minimum  temparature  is  less.  Rainfall  and  soil-moisture  significantly  reduce  the 
weevil  incidence.  As  the  age  of  the  crop  increases  weevil  damage  also  increases. 
The  crop  residue  after  harvest  acts  as  the  source  of  innoculum. 

Cultural  methods  are  particularly  important,  including  crop  rotation  and  the 
use  of  insect  free  cuttings.  Spraying  the  crop  at  monthly  intervals  with  Femtrothion 
0.05%  or  Methyldemetron  0.05%  is  effective  to  reduce  weevil  on  sweet  potato. 
Soil  application  of  Phorate  or  Carbofuran  (1 .5kg  a.i/ha)  at  45th  day  of  planting 
also  reduced  weevil  infestations.  Soil  drenching  with  Fenthion  or  Femtrothion 
0.05%  at  50  and  70  days  after  planting  was  also  found  to  be  effective  in  controlling 
weevil. 

The  following  parasitoids,  predators  and  pathogens  have  been  found  on  differ¬ 
ent  stages  of  the  weevil: 

(a)  Rhaconotus  memppus  and  Bracon  sp  Hymenopteran  ecto  parasitioids  on 

grubs 


347 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


(b)  Drapetis  sp.  Dipteran  predator 

(c)  Metarhiaium  anisopliae  Fungus  affecting  adults 

Synthetic  sex  pheromone  has  been  found  to  be  an  efficient  tool  to  manage  the 
population  build  up  of  weevil. 

Integrated  pest  management  package  (IPM)  to  control  sweet  potato  weevil 

1.  Selection  of  field  and  cleaning  lpomoea  weeds  in  and  around  the  field. 

2.  Installation  of  pheromone  traps  @  1  trap/100m2. 

3.  Use  of  pest-free  planting  material  and  disinfecting  the  planting  material  by 
dipping  in  Monocrotophos  0.05%  a.i. 

4.  Collection  of  weevils  from  the  traps  and  changing  the  detergent  at  periodical 
intervals. 

5.  Reridging  and  crop  at  30  and  60  days  after  planting 

6.  Harvesting  at  105-110  days 

7.  Destruction  of  crop  residues  and  weevil  infested  parts. 

8.  Use  of  trap  till  a  formght  after  harvest. 

Vine  borer  ( Omphisa  anastomosalis) 

The  adult  is  a  straw-coloured  moth  with  wavy  markings  on  the  wings.  Caterpil¬ 
lar  is  stout,  white  with  dark  on  the  body.  The  caterpillar  enters  inside  the  vine  by 
making  small  holes  and  feeds  inside.  The  vines  are  made  hollow  and  shoots  turn 
yellow  and  wilt.  Pupation  is  inside  the  larvel  tunnel.  Crop  hygiene  and  crop  rota¬ 
tion  reduce  the  infestation,  Spraying  0.05%  Fenthion  or  Endosulphan  at  monthly 
interval  reduces  infestation. 

Nematodes 

Root-knot  nematode  ( Meloidogyne  incognita )  and  reniform  nematode 
(Rotylenchulus  remformis )  are  the  most  widely  occuring  nematodes  of  sweet  po¬ 
tato  throughout  the  world.  The  most  important  species  is  Meloidogyne  incognita. 
Sree  Bhadra,  a  high  yeilding  variety  released  from  CTCRI  is  found  to  be  an  excellant 
trap  crop  for  the  nematode.  If  the  variety  is  planted  in  an  infested  field,  the  nema¬ 
tode  population  is  declined  to  undetectable  levels  during  the  period  of  90-95  dyas. 

Rodents 

Indian  mole  rat  (Bandicota  bengalensis):  Most  serious  species  among  rodent 
pests.  Its  head  is  around  with  a  tail  short  than  that  of  body.  Fur  is  short,  coarse  and 
dark-brown.  Adults  burrow  to  an  extent  of  30m  and  each  burrow  contains  1-3 
food-cum  chambers.  They  are  active  during  day  and  night.  Other  rodents  are  In¬ 
dian  gerbil  ( Tatera  indica),  house  rat  (Rattus)  and  house  mouse  (Mus  musculus). 

Diseases 

Sweet  potato  is  subject  to  many  diseases  caused  by  fungus,  bacteria,  viruses  and 
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MLO  at  differect  stages  of  production,  storage,  transport  and  marketing.  The  vari¬ 
ous  fungal  and  viral  diseases  affecting  the  crop  in  the  field  and  storage  and  their 
management  are  discussed  here  in  detail. 

Cercospora  leaf  spot  ( Cercospora  spp.) 

The  disease  was  first  reported  in  Africa  and  is  now  prevalent  in  all  warm  and 
humid  tropical  sweet  potato  growing  areas  of  Asia,  South  America  and  Africa. 
Two  species  of  Cercospora  have  been  reported  to  cause  leaf  spot  disease  on  sweet 
phototo,  C.  batate  and  C.  ipomoeae. 

The  disease  is  charactered  by  the  appearance  of  yellowish-brown  spots  which 
gradually  turn  deep-brown,  with  circular  ovoid  or  irregular  margin.  The  spots  coa¬ 
lesce  and  from  larger  patches  covering  major  portion  of  the  leaf.  Hot, wet  and 
humid  weather  is  very  favourable  for  the  development  of  the  disease  and  during 
dry  weather  disease  incidence  is  at  its  minimum.  Satisfactory  control  can  be  obtained 
by  use  of  yeild  resistant  varieties  for  this  disease.  Fungicides  such  as  Dithane  M  45, 
Zineb  and  Miltox  (0.25%  each),  if  sprayed  at  15  days  interval  (3  sprays)  commenc¬ 
ing  from  the  first  appearance  of  the  disease,  will  effectively  control  the  disease. 
Field  sanitation  will  help  to  reduce  the  incidence  of  the  disease. 

Alternaria  leaf  spot  ( Alernaria  spp.) 

The  leaf  spots  are  characteristic  of  the  lesions  caused  by  the  genus  Alternaria 
and  found  mosdy  on  mature  and  old  leaves.  They  are  brown  with  concentric  rings 
and  well  defined  margins.  As  the  spots  become  old,  the  infected  tissue  may  crack 
and  fall  off.  Humid  weather  is  favourable  for  the  development  of.  the  disease  while 
dry  weather  results  in  bleeching  of  the  lesions.  Cultivation  of  less  susceptible  lines 
are  suggested  to  manage  Alternaria  leaf  spot. 

Collar  rot  ( Sclerotium  rollfsii  Sacc.) 

Collar  rot  also  known  as  sclerotial  blight  is  an  important  disease  of  sweet  potato 
causing  severe  damage  in  nursery.  At  first  small,  oval  straw  or  brown  coloured 
lesions  appear  at  the  collar  region  or  over  the  point  where  the  sprout  merge  from 
the  mother  tuber.  The  lesions  gradually  enlarge  and  encircle  the  stem  base  and 
tissue  becomes  necrotic  resulting  in  rotting  of  the  sprouts.  The  plants  easily  break 
off.  Soil  drenching  with  Vitavax  (50ppm)  and  Plant  Vax  (50ppm)  are  effective  in 
controlling  this  disease.  Field  sanitation  by  removal  of  crop  debris  would  help  to 
avoid  the  pathogen  to  multiply  in  the  field. 

Stem  rot  (Fusarium  oxysporum) 

The  symptom  appears  as  yellowing  of  old  leaves  at  the  bottom  of  the  vine 
followed  by  yellowing  of  sprouts,  falling  of  leaves,  stunting  and  wilting.  In  severe 
cases,  the  inner  side  of  the  vine  may  take  a  brown  to  black  colour  and  pith  within 
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the  stem  may  decay  followed  by  splitting  of  stem  at  ground  levels  and  death  of  the 
plant.  The  most  effective  control  is  the  use  of  resistant  varieties  and  discease  free 
seed  tubers  for  planting. 

Sweet  potato  scab  ( Sphacaeloma  batatas  saw) 

This  is  most  important  and  severe  of  all  the  foliar  discease  of  sweet  potato  and 
occur  in  all  the  sweet  potato  growing  areas.  In  places  where  there  is  frequent  fog, 
rain  or  dew  the  disease  attains  very  severe  proportion  causing  significant  losses 
greater  than  50%.  Small  brown  lesions  appear  first  on  the  vines  or  leaves.  These 
lesions  become  corky  in  texture  and  the  veins  shrink  causing  curls  on  leaves.  Slightly 
raised  lesions  with  purple  to  brown  centres  and  lighter-brown,  margins  are  also 
formed  on  stems.  A  scab  like  structure  forms  on  the  stem  as  the  lesions  coalesce, 
hence  the  name.  A  high  degree  of  control  has  been  reported  with  Cholorothalonil. 
Mancozeb  has  lightly  less  effect.  Disease-free  planting  material  and  crop  rotation 
can  help  to  reduce  the  incidence. 

Black  rot 

Black  rot  is  an  important  disease  of  sweet  potato  both  in  the  field  and  storage. 
When  disease  occurs  in  the  field  it  affects  the  sprouts  and  vines  which  are  referred 
to  as  ‘Black  Shank’  or  Black  root.  On  the  tuber  the  symptoms  appear  as  small, 
slightly  sunken  black  spots.  The  spots  may  enlarge  and  cover  the  entire  tuber. 
Diseased  tubers  have  an  unpleasant  taste  and  colour  when  cooked.  Crop  rotation,, 
selection  of  disease-free  planting  material  and  treatment  with  fungicides  such  as 
Thiabendazole,  Benomyl,  Ferbam  etc.  will  reduce  the  disease  incidence. 

Soft  rot/Rhizopus  rot  ( Rhizopus  stolonifer) 

Soft  rot  is  the  most  widely  distributed  and  commonly  occunng  storage  disease 
of  sweet  potato  in  the  tropical,  subtropical  and  temperate  regions.  The  infected 
tubers  quickly  turn  soft  and  moist  either  at  one  end  or  at  both  ends,  become 
stringy  and  emit  characteristic  fermented  smell.  Careful  handling  of  sweet  potato 
tubers  during  harvest  and  transit  so  as  to  avoid  wounding  has  been  recommended 
for  reducing  the  intensity  of  the  disease.  Proper  curing  of  tubers  immediately  after 
harvest  is  very  essential  to  reduce  the  incidence.  Dipping  seed  tubers  in  DCNA  or 
spraying  the  foliage  of  seed  tuber  with  DCNA  has  been  reported  to  reduce  the 
occurence  of  the  disease  in  beds. 

Viral  diseases 

Viral  diseases  can  be  controlled  by  (i)  selection  of  planting  material,  (ii)  preven¬ 
tion  of  spread  through  vector  control,  (iii)  strict  adherence  of  sanitary  procedure 
and  removal  of  source  of  inoculum,  (iv)  use  of  resistant/tolerant  varieties  and 
(v)  cleaning  up  of  infected  material. 
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Spinach  beet /Palak 
(Beta  vulgaris) 

Surjan  Singh  and  M  S  Dhaliwal 

Palak,,  Spinach  beet,  is  one  of  the  most  common  leafy  vegetables  of  tropical  and 
sub-tropical  regions.  The  popular  pabk  growing  states  include  Uttar  Pradesh,  West 
Bengal,  Maharashtra  and  Gujarat.  However,  Palak  is  not  very  popular  in  South 
India.  It  is  primarily  used  as  potherb.  It  is  a  rich  source  of  vitamin  A  and  C  and  also 
contains  appreciable  amount  of  protein,  calcium  and  iron.  The  leaves  contain  low 
oxalic  acid. 

Origin  and  taxonomy 

Spinach  beet  is  most  probably  a  nadve  of  Indo-Chinese  region.  It  was  known  in 
China  as  early  as  647  ad.  Spinach  beet,  swiss  chord  and  garden  beet  has  a 
chromosome  number  2n=2x  =  18,  indicates  their  close  relationship.  Leaves  of  this 
crop  might  have  been  first  used  in  Bengal  and  hence  it  is  known  as  B.  vulgaris  var. 
bengalensis. 


CROP  IMPROVEMENT 

The  basic  methods  employed  for  the  development  of  palak  include  introduction, 
selection  especially  mass  selection  and  hybridization.  Mass  selection  is  also  employed 
for  the  maintenance  of  cultivars.  The  best  individual  plants  are  selected  on  the 
basis  of  their  phenotypic  performance  and  their  seeds  are  composited  for  raising 
the  following  generation.  Large  number  of  plants  are  selected  to  avoid  inbreeding 
depression.  Description  of  recommended  varieties  of  beet  palak  is  furnished  below. 

Varieties 

Punjab  Green:  This  cultivar  was  developed  by  Punjab  Agricultural  University, 
Ludhiana,  through  selection.  Its  plants  are  semi-erect,  foliage  is  shining  dark-green, 
thick,  long  and  broad.  The  leaves  are  succulent  and  free  from  sourness.  There  is 
mild  purple  pigment  on  the  stem.  It  is  ready  for  first  cutting  30  days  after  sowing. 
Its  average  yield  is  3  tonnes/ha.  It  is  slow  bolter. 

Pusa  Jyoti:  This  cultivar  was  developed  by  the  Indian  Agricultural  Research 
Institute,  New  Delhi  by  polyploidization  of  the  culture  as  a  result  of  induced 
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mutagenesis  using  All  Green  as  a  source  material.  It  has  very  big  leaves  with  dark- 
green  colour.  Leaves  are  thick,  tender,  succulent  and  crisp.  The  plants  are  very 
vigorous,  quick  growing  and  regenerate  quickly  after  each  cutting.  It  yields  about 
50  tonnes/ha  in  6-8  cuttings. 

HS  23:  This  cultivar  was  developed  by  Haryana  Agricultural  University,  Hissar, 
Haryana  through  selection.  It  produces  dark-green,  large,  thick,  tender  and  juicy 
leaves.  It  is  a  quick  growing  cultivar  and  is  ready  for  first  cutting  30  days  after 
sowing.  A  total  of  6-8  cuttings  at  two  weeks  interval  can  be  obtained. 

Ooty  1:  It  was  developed  at  Horticultural  Research  Station,  Ooty  of  Tamil  Nadu 
Agricultural  University  through  selection  from  an  introduction  from  Himachal 
Pradesh.  Leaves  are  green  with  a  length  of  40-50cm  and  breadth  of  8-1 0cm.  The 
crop  comes  to  first  harvest  45  days  after  sowing.  Subsequent  harvests  can  be  done 
once  in  15  days  for  4  times.  The  yield  is  1.5  tonnes/ha/cutting. 

All  Green:  It  was  developed  at  the  Indian  Agricultural  Research  Institute,  New 
Delhi.  It  produces  green  tender  leaves  and  gives  about  6-7  cuttings  at  15-20  days 
interval.  It  yields  about  12  tonnes/ha. 

Pusa  Harit:  This  cultivar  was  developed  by  hybridization  between  sugar  beet 
and  local  palak  at  IARI  Regional  Station,  Katrain,  HP.  It  produces  thick,  green, 
very  large  and  slightly  crinkled  leaves.  It  is  a  heavy  yielder  and  has  very  late  bolting 
habit  as  it  has  low  chilling  requirement. 

Jobner  Green:  This  was  developed  at  Jobner  campus  of  University  of  Udaipur 
by  selection  from  a  spontaneous  mutation  detected  from  a  local  collection,  SI.  No. 
5.  It  produces  green,  large,  thick  and  tender  leaves  with  strong  flavour  having 
entire  margin.  It  is  a  high  yielder  and  gives  an  average  yield  of  30  tonnes/ha. 

Pusa  Bharati:  It  is  the  latest  variety  at  the  Indian  Agricultural  Research  Institute, 
New  Delhi.  It  produces  green,  tender  leaves.  It  has  higher  vitamin  C  content  of 
and  (3-carotene  than  Pusa  Jyoti.  It  is  very  high  yielder  and  gives  an  average  yield  of 
50  tonnes/ha. 


CROP  PRODUCTION 

Climate  and  soil 

Although  spinach  beet  is  a  winter  season  crop,  it  can  be  grown  throughout  the 
year  under  mild  temperature  conditions.  It  can  tolerate  frost  better  than  other 
vegetables.  It  can  also  tolerate  warm  weather  but  high  temperature  leads  to  pre¬ 
mature  bolting  without  giving  economic  yield. 

Palak  can  be  grown  on  any  type  of  soil  possessing  good  fertility  and  drainage 
but  sandy-loam  soil  is  most  suitable.  Although,  palak  can  tolerate  slightly  alkaline 
soil,  high  yields  of  better  quality  greens  are  produced  in  neutral  soils  having  a  pH 
of  7.0. 
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Sowing  and  spacing 

The  main  sowing  season  in  plains  is  from  last  week  of  August  to  second  week 
of  November.  In  places  with  mild  climate,  it  may  grow  throughout  the  year.  In 
hilly  regions,  palak  is  sown  from  March-May.  To  improve  germination,  seeds  are 
soaked  in  water  overnight  before  sowing. 

Sowing  can  be  done  either  by  broadcast  method  or  by  line  sowing.  Line  sowing 
is  more  desirable  as  it  facilities  weeding,  hoeing  and  harvesting.  Line  spacing  is 
maintained  at  20cm  and  thinning  is  done  to  maintain  plant  spacing  within  lines  at 
about  5cm.  Seed  rate  varies  with  the  crop  season.  For  winter  crop,  use  10-1 5kg 
seed/ha  and  for  summer  crop  25-30kg/ha  seed  is  required. 


Manuring  and  fertilizer  requirement 

As  palak  is  a  leafy  vegetable,  it  requires  more  nitrogen  for  crown  growth.  It  is 
better  to  apply  fertilizers  based  on  the  soil  analysis.  In  the  absence  of  soil  test,  PAU 
recommends  25  tonnes  of  farmyard  manure,  alongwith  87.5kg  N  and  30kg  P205/ha. 
Apply  whole  of  farmyard  manure  and  P2O5  and  half  of  N  at  the  time  of  soil 
preparation.  The  remaining  half  N  may  be  applied  in  two  split  doses,  one  after 
each  cutting  followed  by  a  light  irrigation 


Irrigation 

In  case  of  insufficient  soil-moisture,  apply  first  irrigation  immediately  after 
sowing.  Subsequent  irrigations  may  be  given  at  an  interval  of  4—6  days  during 
summer  and  10-12  days  during  winter.  However,  rainy  season  crop  does  not  require 
much  irrigation. 


Interculture  and  weeding 

Hand  weeding  is  still  a  common  practice  to  control  weed.  Generally  2—3  hoeing 
cum  hand  weeding  are  required  to  control  weed.  It  also  helps  to  loosen  soil  for 
proper  aeration. 


Harvesting 

The  crop  will  be  ready  for  harvesting  in  about  3-4  weeks  after  sowing. 
Subsequent  cuttings  should  be  taken  at  an  interval  of  20-25  days  depending  upon 
variety  and  season.  During  summer,  only  one  harvesting  is  recommended. 
Harvesting  is  not  done  early  in  the  morning  because  there  is  dew  on  the  crop. 
After  harvesting  it  is  washed,  trimmed,  graded  and  bunched  before  marketing. 


Spinach 

(Spinacia  oleracea  L.) 

Traditionally,  spinach  or  Vilayati  palak  is  classified  as  a  pot  herb.  It  is  a  green  that 
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is  normally  consumed  as  a  cooked  vegetable.  Sometimes,  it  is  also  used  as  a  salad  in 
company  with  lettuce  and  other  vegetables.  Spinach  is  also  processed,  primarily 
canned  and  fried.  Spinach  is  not  commonly  grown  in  India  except  in  hilly  areas.  It 
is  extensively  cultivated  in  the  USA,  Canada  and  Europe.  Spinach  is  highly  nutritious 
among  the  group  of  (leafy  salad)  vegetables. 

Origin  and  taxonomy 

Spinach  is  related  to  Swiss  chard,  sugar  beet,  table  beet,  pig  weed  and  saltbeet. 
It  is  native  of  central  Asia  most  probably  Persia  (Iran).  In  China,  it  was  introduced 
form  neighbouring  hilly  kingdom  Nepal  in  647  ad.  It  travelled  west  and  was 
introduced  into  Spam  in  1 100  AD  and  Germany  in  13th  century.  In  the  USA,  spinach 
is  listed  in  the  seed  catalogues  as  early  as  1806. 

CROP  IMPROVEMENT 

The  preferred  attributes  for  spinach  breeding  includes  dark-green  colour  of  leaves 
and  absence  of  stemminess.  For  fresh  market,  leaves  should  be  crisp,  succulent  and 
savoyed.  For  processing,  preference  is  for  flat  leaves.  For  many  years,  the  primary 
means  of  spinach  improvement  was  through  mass  selection.  Family  selection,  self- 
pollination  and  controlled  crossing  were  practiced  shortly  before  and  after  World 
War  I.  Lately,  dioecy,  a  condition  where  male  and  female  flowers  are  borne  on 
different  plants  has  been  exploited  for  the  production  of  F]  hybrid  seed.  Generally, 
spinach  cultivars  are  classified  on  the  basis  of  type  of  seeds,  i.e.  prickly  seeded  and 
round  seeded  cultivars  and  type  of  leaves,  i.e.  smooth  leaved  and  savoyed  leaved 
cultivars. 

Varieties 

Virginia  Savoy:  It  is  a  prickly  seeded  cultivar  having  blistered  large  dark-green 
leaves  with  round  tip.  Plants  are  upright  and  vigorous  in  growth. 

Early  Smooth  Leaf:  This  is  a  smooth  seeded  cultivar  and  produces  small  light- 
green  leaves  with  a  pointed  apex. 

CROP  PRODUCTION 

Climatic  and  soil  requirements 

Spinach  is  a  long-day  crop  and  is  grown  mainly  in  the  cool  season.  It  does  not 
grow  well  during  hot  weather.  This  crop  tolerates  frost  better  than  most  other 
vegetables.  Spinach  can  be  grown  on  a  variety  of  soils  ranging  from  light  and 
sandy  to  silty,  clay  loam,  heavy  and  muck  soils.  It  is  sensitive  to  acidity  and  should 
be  grown  on  soils  in  the  pH  range  of  6. 0-7.0.  Liming  is  required  on  soils  of  pH 
less  than  5.5. 
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Sowing,  seed  rate  and  spacing 

Sowing  time  of  spinach  varies  from  place  to  place  and  with  cultivars.  In  plains, 
winter  crop  is  sown  in  September-October  and  in  hills  from  August— October. 
Prickly  seeded  cultivars  are  best  suited  for  the  autumn-winter  crop  in  the  hills, 
whereas,  smooth  seeded  cultivars  are  suitable  for  spring-summer  in  hills  and  autumn 
sowing  in  plains. 

It  can  be  sown  on  flat  beds  of  varying  dimensions,  by  broadcast  method  or  in 
rows.  Row  spacing  and  consequently  the  seed  rate  also  vary  considerably.  On  an 
average,  spinach  requires  37-45kg  seed/ha.  The  seed  rate  in  spinach  is  higher 
because  50%  of  plants  are  males  with  poor  growth  and  it  is  not  possible  to  remove 
them  before  seed  stalk  formation.  The  method  of  sowing  of  spinach  is  the  same  as 
for  spinach  beet. 

Manuring  and  water  requirement 

Spinach  grows  very  rapidly  particularly  during  the  last  three  weeks  before 
harvesting  during  which  it  acquires  60%  of  its  fresh  weight  and  extract  60%  of 
nutrients  from  the  soil.  Principal  attributes  of  colour  and  succulence  are  highly 
dependent  upon  nutrition  during  the  period.  Being  a  leafy  vegetable,  spinach  has 
similar  nutrient  requirement  as  spinach  beet.  Spinach  seeds  require  good  moisture 
for  germination,  therefore,  it  is  necessary  to  give  a  light  irrigation  immediately 
after  sowing  if  there  is  not  sufficient  moisture  in  the  soil.  The  second  irrigation 
may  be  given  soon  after  the  first  one  to  secure  uniform  and  maximum  germination. 
Since  spinach  is  a  shallow  rooted  crop,  subsequent  irrigations  are  required  at  10- 
15  days  interval.  Ample  soil-moisture  is  important  at  harvesting  which  increases 
yield  and  quality  of  produce. 

Weed  control 

Thinning  is  done  to  keep  plant  spacing  within  rows  at  5-7. 5cm.  Weed  control  is 
very  important  because  spinach  plant  cannot  compete  well  with  the  weeds.  Also, 
harvesting  is  made  more  difficult  in  the  weed  infested  crop.  Shallow  cultivation 
and  use  of  herbicides  or  both  should  be  used  to  check  weed  menace. 

Harvesting,  marketing  and  storage 

Spinach  is  ready  for  harvesting  in  40-50  days  after  sowing.  Harvesting  can  be 
manipulated  as  per  requirements  and  varies  from  5-6  leaf  stage  to  just  before  seed 
stalk  formation.  A  plant  with  a  seed  stalk  is  considered  unmarketable.  Spinach  is 
cut  just  above  the  root.  It  is  then  washed,  trimmed,  graded  and  bunched  or  bagged. 
Remove  diseased  or  yellow  leaves  before  marketing.  For  processing  spinach  is  to 
cut  above  the  growing  point  so  that  only  leaves  are  harvested  and  allows  the  plant 
to  grow  for  subsequent  harvesting.  It  gives  3-4  cuttings  and  average  yield  is  5-6 
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tonnes/ha.  Like  spinach  beet,  harvesting  is  not  done  early  in  the  morning  due  to 
dew.  This  is  then  transported  to  the  processing  plant  for  processing  and  or  canning. 
Spinach  has  a  large  leaf  surface  to  weight  ratio  and  has  very  high  respiration  rate.  It 
is,  therefore,  essential  to  cool  the  harvested  product  immediately  and  rapidly  to 
prevent  wilting  and  weight  loss.  Spinach  may  be  cooled  from  19.4°-2.8°C  in  10 
minutes  by  vaccuum  cooling.  The  recommended  shipping  and  storage  conditions 
are  0°C  and  90-95%  relative  humidity.  Spinach  can  be  stored  for  10-14  days  at 
above  mentioned  conditions. 


Lettuce 

(Lactuca  sativa  L.) 


Origin  and  distribution 

Lettuce  is  a  major  salad  crop  in  North  America  and  is  also  important  in  Australia 
and  most  countries  of  Europe  and  South  America.  Its  popularity  is  increasing  in 
Africa,  the  Middle  East  and  Japan.  In  India  it  is  grown  in  the  kitchen  gardens  and 
to  meet  the  demand  of  continental  hotels.  Lettuce  is  unique  among  major  vegetables 
in  its  nearly  exclusive  use  as  a  fresh,  raw  product.  It  is  rarely  found  far  from  a  salad 
or  sandwich.  Lettuce  includes  four  salad  types:  crisp  head,  butterhead,  romaine  or 
cos,  and  leaf.  Another  type,  stem  lettuce,  eaten  raw  or  cooked  is  widely  used  in 
Chinese  cookery.  These  types  are  recognized  as  sub-species  or  botanical  varieties 
and  are  known  under  the  following  names:  head,  variety  capitata,  cutting  or  leaf, 
variety  crisp,  cos  or  romaine,  variety  longifolia,  asparagus  or  stem  lettuce,  variety 
Asparagina. 

Lettuce  originated  in  the  Mediterranean  region.  It  then  spread  to  France,  England 
and  rest  of  Europe.  After  Columbus  discovered  the  New  World  in  1492,  lettuce 
cultivation  quickly  spread  there.  It  was  reported  to  be  abundant  in  Haiti  by  1565 
and  Brazil  in  1647.  The  Portuguese  or  the  British  most  likely  introduced  it  into 
India  during  the  16th  century.  L.  serriola  seems  probable  progenitor  of  cultivated 
lettuce. 

CROP  IMPROVEMENT 

Punjab  lettuce  No.  1:  PAU,  Ludhiana,  has /developed  this  variety.  The  leaves  are 
light-green,  shining  and  crisp.  It  is  a  non-heading  type  and  bears  loose  leaves.  It 
takes  45  days  from  sowing  to  first  harvest,  of  fully  developed  leaves.  Average  yield 
is  8.75  tonnes/ha.  Harvesting  of  green  leaves  is;  possible' from  November-March. 

Great  Lakes:  It  is  recommended  for  cultivation  by  the  Indian  Agricultural 
Research  Institute,  New  Delhi.  It  is  crisp  head  type.  Its  head  is  large,  firm  with 
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green  leaves  and  outer  leaves  being  blistered.  It  is  fairly  resistant  to  tip  burn  but 
susceptible  to  powdery  mildew. 

Other  cultivars  recommended  for  cultivation  in  India  are  Slobolt  (leaf  type), 
Chinese  Yellow  (leaf  type),  Imperial  859  (crisp  head  type),  White  Boston  (butterhead 
type)  and  Dark  Green  (cos  type). 

CROP  PRODUCTION 

Climate  and  soil 

Lettuce  does  best  in  cool  environment  and  does  not  perform  well  in  extreme 
heat  or  cold.  It  can  successfully  be  grown  at  a  mean  temperature  of  13°-16°C. 
Lettuce  seed  may  go  into  dormancy  when  subjected  to  high  temperature  in  the 
dark  and  its  exposure  to  chilling  at  4°-6°C  for  3-5  days  results  in  breaking  dormancy. 
High  temperature  promotes  seed  stalk  and  causes  a  bitter  taste  of  leaves  and  induces 
tip-burn  injury.  Seeds  do  not  germinate  properly  when  soil-temperature  is  above 
22°C.  It  does  best  in  sandy  loam  or  silt  loam,  well  supplied  with  organic  matter. 
Where  earliness  is  important,  sandy  loam  is  preferred.  Otherwise  silt  loam  is  more 
suitable.  The  optimum  soil  pH  is  5.8— 6.6.  It  is  sensitive  to  highly  acidic  soils. 

Sowing,  seed  rate  and  spacing 

Since  lettuce  is  a  cool  season  crop,  it  is  sown  during  September-November  in 
the  plains.  At  high  altitudes,  the  sowing  is  done  from  March-June.  It  is  sown 
normally  in  the  nursery  beds  and  the  seedlings  are  ready  for  transplanting  in  about 
4-6  weeks.  To  raise  seedlings  for  one  ha,  400-500g  seed  is  required  to  be  sown  in 
about  50-75m2  area.  Plant  spacing  is  maintained  at  30-45cm  between  the  rows 
and  20— 25cm  within  the  rows.  The  sowing  is  done  in  small  flat  beds  but  sometimes 
it  is  transplanted  on  ridges  depending  on  the  soil  and  the  irrigation  facilities.  Direct 
seeded  crop  needs  thinning  4—6  weeks  after  emergence  of  seedlings.  Seedlings 
should  be  hardened  before  transplanting.  Withholding  water  for  about  6-8  days 
before  transplanting  helps  hardening.  Soon  after  transplanting,  the  field  has  to  be 
irrigated. 

Manuring 

Lettuce  plant  has  a  small  and  shallow  root  system,  therefore,  surface  soil  should 
be  rich  in  nutrients.  Application  of  about  10-15  tonnes  of  farmyard  manure 
supplemented  with  about  50kg  each  of  N  and  K20  and  90kg  P205/ha  should 
meet  the  nutrient  requirement  of  lettuce.  On  sandy  and  sandy  loam  soil,  apply 
40— 45kg  N  and  75— 100kg  each  of  P205  and  K20  in  the  absence  of  any  farmyard 
manure  application.  On  silt  loam  and  clay  loam,  apply  25kg  each  of  N  and  K20 
and  50-75kg  P205/ha.  On  Punjab  soils,  35-40  tonnes  of  farmyard  manure,  62.5kg 
N  and  30kg  P205  has  been  recommended.  Whole  of  farmyard  manure  and  P205 
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and  1  /3rd  of  N  are  applied  before  transplanting  at  the  time  of  field  preparation. 
The  balance  of  N  is  applied  six  weeks  after  transplanting. 

Irrigation 

Lettuce  being  a  shallow  rooted  crop  heads  frequent  but  light  irrigation.  First 
irrigation  is  given  immediately  after  transplanting.  Subsequent  irrigations  should 
be  given  at  an  interval  of  4-5  days  on  light  soils  and  8-10  days  on  heavy  soils. 

Weed  control 

For  control  of  weeds,  hand  weeding  is  a  common  practice.  Three  to  four  hand 
weedings  are  adequate  during  the  croping  season. 

Mulching 

Mulching  in  lettuce  is  particularly  useful  if  there  are  rains  in  the  cropping  season. 
It  prevents  soil  erosion  around  the  root  zone  and  raises  soil-temperature  during 
the  winter  months,  thereby,  stimulating  the  plant  growth.  Mulching  prevents  the 
leaves  from  touching  the  soil  and  also  from  rotting.  Rice  straw,  which  is'  easily 
available,  can  be  used  as  mulching  material. 

Protected  cultivation 

Lettuce  is  grown  under  glass  or  in  plastic  tunnel  in  temperate  countries.  Light, 
temperature  and  C02  are  artificially  provided.  Seeds  are  sown  in  plastic  or  wooden 
trays/boxes.  Adequate  moisture  is  maintained  to  improve  germination  and  to 
enhance  growth  of  seedlings.  Seed  boxes  are  kept  at  12°— 15°C.  At  the  initiation  of 
first  true  leaf  (12-15  days  after  sowing),  seedlings  are  picked  out  in  small  pots  or 
soil  balls.  After  4-5  weeks,  these  plants  are  shifted  in  the  green  house  in  beds  at 
spacing  of  45x45cm,  or  45x30cm  or  30x30cm  depending  upon  cultivar.  Day/ 
night  temperature  of  18o-20°C/14o-18°C  and  C02  at  1, 000-1, 500ppm  are 
maintained.  Artificial  light  with  fluorescent  tube  is  provided.  Nutrients  are  also 
provided  in  higher  quantity  than  field  grown  crop. 

Harvesting,  marketing  and  storage 

Harvesting  of  lettuce  depends  on  the  type  and  purpose  for  which  it  is  grown. 
Crisphead  lettuce  is  considered  mature  and  ready  for  harvest  when  the  head  is 
firm  to  hard  and  weighs  about  1kg  although  the  standard  size  varies  from  region 
to  region.  A  head  harvested  too  early  will  be  unfilled  and  soft.  An  overmature 
head  will  show  deterioration  in  several  ways:  cracked  or  broken  ribs,  bitterness, 
yellowing  of  the  green  leaves  and  excess  bleaching  of  inner  leaves.  Leaf  lettuce  for 
home  use  is  harvested  at  any  time  but  for  commercial  purposes,  leaves  are  allowed 
to  develop  full  size  for  obtaining  higher  yields.  The  harvest  time  varies  with  the 
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season/temperature  in  which  the  crop  is  grown.  Summer  grown  lettuce  will  be 
ready  for  harvest  in  50-60  days  while  winter  grown  lettuce  will  take  about  120 
days.  It  is  better  not  to  harvest  the  lettuce  immediately  after  a  rain  or  while  the 
dew  is  on  it,  because  the  leaves  being  crisp  and  brittle  break  easily  while  handling. 
Lettuce  should  be  properly  graded  and  plants  free  from  diseases,  insect  and  other 
injury  should  only  be  sent  to  the  market.  Leaf  type  lettuce  cannot  be  stored  under 
ordinary  conditions  because  they  loose  their  moisture  very  soon.  However,  the 
head  lettuce  can  be  stored  for  a  few  days  under  ordinary  room  conditions.  Under 
cold  storage  conditions,  it  can  be  stored  at  0°C  and  90-95%  relative  humidity,  for 
about  2-3  weeks. 


Amaranthus 
(Amarantbus  sp.) 

Amaranthus  is  primarily  used  as  a  pot  herb.  It  is  the  most  common  leafy  vegetable 
grown  during  summer  and  rainy  season  in  India.  It  fits  well  in  crop  rotations 
because  of  its  short-duration  and  large  yield/ unit  area.  Amaranthus  is  unique  in 
many  respects:  it  is  easy  to  cultivate  in  kitchen  garden  or  on  large  scale,  and  responds 
very  favourably  to  fertilizers  and  organic  matter.  The  leafy  amaranthus  is  said  to  be 
the  native  of  India.  The  centers  of  diversity  are  central  and  South  America,  India, 
South-East  Asia  and  the  secondary  center  of  diversity  is  in  West  Africa  and  East 
Africa.  Among  leafy  types,  A.  tricolor  L.  is  the  mam  cultivated  species  in  India. 
Other  cultivated  species  are  A.  blitum  and  A.  tristis.  It  is  more  popular  in  south 
India. 

Breeding  methods  and  description  of  varieties 

It  is  a  cross-pollinated  (anemophilous)  crop.  Amaranthus  has  received  relatively 
less  attention  as  far  as  crop  improvement  is  concerned.  Evaluation  of  germplasm 
and  selection  of  superior  type  has  been  the  principle  method  of  developing  new 

varieties. 

CO  1:  This  cultivar  has  been  developed  by  selection  from  a  local  type  at  Tamil 
Nadu  Agricultural  University,  Coimbatore.  Its  leaves  are  dark-green  with  ridged 
appearance,  stem  is  dark-green,  round  and  succulent.  It  lacks  initial  vigour  but 
make  rapid  growth  after  about  a  month  of  sowing.  It  is  especially  suitable  for  late 

harvesting.  Its  average  yield  is  7.16  tonnes/ha. 

CO  2:  It  is  a  selection  from  local  type  at  TNAU,  Coimbatore.  This  cultivar  is 
particularly  suited  for  early  harvest.  Its  leaves  are  green,  lanceolate,  slighdy  elongated 
and  stem  is  green  and  succulent.  Its  average  yield  is  10.78  tonnes/ha. 

CO  3:  This  cultivar  has  also  been  developed  by  selection  from  a  local  type  at 
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TNAU,  Coimbatore.  This  is  suitable  for  clipping  of  tender  greens.  This  is  also 
locally  named  as  Araikeerai  in  Tamil.  First  clipping  is  possible  20  days  after  sowing 
and  total  of  about  ten  clippings  spread  over  three  months  are  obtained.  The  leaf: 
stem  ratio  is  high  and  this  enhance  the  payability  of  cooked  vegetable.  Its  average 
yield  is  30.71  tonnes/ha. 

Chhoti  Chaulai:  This  cultivar  has  been  developed  through  selection  by  Indian 
Agricultural  Research  Institute,  New  Delhi.  Its  plants  are  erect,  dwarf  with  thin 
stem,  leaves  are  small;  green  in  colour;  responds  well  to  cutting.  It  is  best  suited  for 
early  summer  and  can  be  grown  in  rainy  season  also. 

Budi  Chaulai:  It  has  been  developed  through  selection  by  Indian  Agricultural 
Research  Institute,  New  Delhi.  Its  stem  is  thick  and  green;  leaves  are  large  and 
green;  responds  to  cutting  and  has  much  longer  growing  period.  It  is  best  suited 
for  summer  season. 

Pusa  Kiran:  This  variety  was  developed  at  the  Indian  Agricultural  Research 
Institute,  New  Delhi.  It  is  suitable  for  growing  during  rainy  season.  It  produces 
green  leaves  and  gives  a  yield  of  35  tonnes/ha. 

Pusa  Kirti:  It  was  developed  at  the  Indian  Agricultural  Research  Institute,  New 
Delhi.  It  is  suitable  for  growing  during  summer.  It  is  a  heavy  yielder.  It  produces 
green  leaves  and  gives  a  yield  of  50  tonnes /ha. 

Pusa  Lai  Chaulai :  This  cultivar  was  developed  at  the  Indian  Agricultural  Research 
Institute,  New  Delhi.  It  is  suitable  for  growing  in  both  summer  and  rainy  seasons. 
Its  stem  and  leaves  are  deep-red  and  medium  in  size.  It  gives  an  average  yield  of  45 
tonnes/ha. 


CROP  PRODUCTION 

Amaranthus  is  a  warm  season  crop  adapted  to  the  conditions  of  hot,  humid  tropics, 
but  is  also  suitable  for  temperate  climate  during  summer.  Amaranthus  species  that 
grow  under  varying  climadc  conditions  differ  in  their  day  length  requirements  and 
respond  differently  to  changes  in  photo  and  thermoperiodism.  Amaranthus  is 
susceptible  to  water-logging.  Well  drained  fertile  loamy  soils  are  ideal  for  its 
cultivation.  The  ideal  pH  range  is  between  5. 5-7.5,  but  some  strains  of  Amaranthus 
can  be  grown  in  soils  with  pH  as  high  as  10.  Since,  the  crop  is  directly  sown,  and 
the  seed  size  is  small,  the  seed  bed  should  be  thoroughly  prepared  and  it  should  be 
free  from  weeds  and  clods. 

Sowing,  seed  rate  and  spacing 

In  north  India,  summer  crop  is  sown  in  February-March  and  the  rainy  season 
crop  in  June-July.  In  the  South,  amaranthus  is  sown  almost  throughout  the  year. 
The  seed  is  sown  by  broadcast  method  or  by  drilling  in  lines  20-30cm  apart, 
according  to  variety  and  kind  of  the  crop.  In  the  South,  there  is  also  a  practice  of 
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transplanting  amaranthus  especially  the  variety  Badi  Chhulai,  either  as  a  pure  crop 
or  along  the  border  of  beds  of  other  vegetables.  In  direct  sowing,  seed  is  mixed 
either  with  fine  soil  or  sand  for  its  even  distribution.  Because  of  its  small  seed  size, 
shallow  sowing,  about  1-1. 5cm  deep  is  recommended.  Plant  spacing  within  the 
rows  is  maintain  at  about  10  cm  at  the  time  of  thinning.  Seed  rate  is  about  2kg/ha 
for  direct  sowing  and  lkg/ha  for  transplanted  crop. 

Manuring 

25  tonnes  of  farmyard  manure,  50kg  N,  50kg  P2O5  and  20kg  K20/ha  is 
recommended  as  basal  application.  For  clipping  type  of  amaranthus  (CO  3),  a 
higher  fertilizer  dose  of  75kg  N  and  25kg/ha  each  of  P205  and  K20  is 
recommended. 

Irrigation 

In  the  absence  of  sufficient  soil-moisture  at  the  time  of  sowing,  apply  first 
irrigation  immediately  after  sowing.  During  summer,  subsequent  irrigations  are 
given  at  3—5  day  intervals.  In  rainy  season,  irrigation  is  given  as  and  when  required. 

Harvesting,  marketing  and  storage 

The  general  practice  of  harvesting  amaranthus  is  that  the  plants  are  pulled  as  a 
whole,  washed  and  sent  to  the  market  as  tender  green.  But  it  is  advantageous  to 
make  periodical  cuttings  of  this  crop.  The  first  cutting  is  done  3—4  weeks  after 
sowing  and  subsequent  cuttings  are  made  at  weekly  intervals  in  Chhoti  Chhaulai 
and  10  days  interval  m  Badi  Chaulai.  Amaranthus  does  not  stand  storage  for  more 
than  few  hours  under  ordinary  conditions.  Normally,  it  is  not  stored  under  CA 
storage. 


Chinese  cabbage 
(Brassica  campestris  L.) 

Chinese  cabbage  is  the  most  important  crop  grown  in  China.  It  is  a  popular  vegetable 
of  Taiwan,  Korea,  Japan  and  Mongolia  as  well.  Chinese  cabbage  is  little  grown  in 
countries  like  India  and  the  USA,  and  is  considered  as  a  new  vegetable.  It  is  grown 
as  pot  herb  and  also  as  a  salad  crop. 

Origin  and  taxonomy 

Chinese  cabbage  is  a  native  of  China  where  it  has  been  in  cultivation  since  the 
fifth  century.  Chinese  cabbage  might  have  originated  from  hybridization  between 
turnip  ( B .  campestris  ssp.  rapifera )  from  north  China  and  pak-choi  [B.  compestris  L. 


361 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


ssp.  chinensis  (Rupr)  Ols  son]  from  south  China  where  they  were  grown  together  in 
Young  Chou.  Artificial  crosses  between  these  species  have  proved  this  hypothesis. 

Chinese  cabbage  can  be  classified  into  four  types,  i.e.  (1)  loose  leaved  variety 
(var.  dissoluta  Li),  (2)  semi-heading  variety  (var  in  fraction  Li),  (3)  fluffy  topped 
heading  variety  (var.  laxa  Tse  et  Lee)  and  (4)  heading  variety  (var.  cephalata  Tse  et 
Lee).  This  variety  is  further  classified  into  three  types:  (i)  Ovate  type  (f.  ovata  Li), 
(ii)  flat  topped  type  (f.  depressa  Li)  and  (iii)  cylindrical  (f.  cylindrica  Li). 

Breeding  methods  and  recommended  varieties 

Crop  improvement  in  Chinese  cabbage  especially  the  utilization  of  self- 
incompatibility  began  in  the  middle  of  twentieth  century.  This  period  is  marked  by 
three  prominent  developments  in  breeding  methodology.  Single  cross,  double  cross 
and  three  way  cross  methods  were  used  in  the  development  of  earlier  cultivars.  As 
self-incompatibility  came  to  be  understood  and  more  was  learnt  about  interline 
crossing  and  development  of  F]  hybrids  became  popular.  Due  to  extreme  uniformity 
and  high  yields,  these  hybrids  were  well  received  by  the  growers  and  consumers. 
Presently,  most  of  the  Chinese  cabbage  varieties  developed  in  China,  Korea  and 
Japan  are  Fj  hybrids.  With  the  improvement  in  embryo  culture  techniques,  wide 
hybridization  (interspecific  and  intergeneric)  techniques  have  also  been  used  to 
breed  for  disease  resistance  and  acquisition  of  new  plant  types.  In  India,  there  are 
not  many  varieties  recommended  for  cultivation  under  local  conditions.  Punjab 
Agricultural  University  has  released  Chinese  Sarson  No.  1  in  1987  for  general 
cultivation  in  the  state. 

Chinese  sarson  No.  1:  It  is  a  non-heading  type  with  light-green,  broad  leaves 
and  semi-erect  plant  habit.  Its  mid-rib  is  white,  succulent  and  tender.  It  takes  about 
30  days  for  the  first  cutting  after  transplanting.  It  is  quite  rejuvenating,  giving  6-8 
cuttings.  Its  average  yield  is  4  tonnes/ha.  It  possesses  field  resistance  to  alternaria 
leaf  spot. 


CROP  PRODUCTION 


Climate  requirements 

Because  of  its  sensitivity  to  high  temperature,  Chinese  cabbage  cultivation  in 
low  land  areas  is  confined  to  the  winter  months.  During  the  summer,  this  crop  is 
grown  at  high  altitudes  on  a  limited  scale.  It  thrives  best  at  temperature  from 
15°-21°C.  Below  this  temperature,  seed  stalks  may  emerge  before  good  heads  are 
produced. 

Fertilizer  requirements 

Chinese  cabbage  requires  N,  P,  K  fertilizers  in  relatively  large  quantities  as 
compared  with  other  leafy  vegetables.  Punjab  Agricultural  University  has 
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recommended  15-20  tonnes /ha  of  farmyard  manure,  125kg  N  and  75kg  each  of 
K20  and  PiOs/ha.  Whole  of  farmyard  manure,  K20  and  P205  and  1  / 3rd  N  is 
applied  at  the  time  of  field  preparation  and  remaining  2/3rd  N  as  top  dressing 
after  the  second  and  fourth  cuttings  for  the  quick  growth  of  plants. 

Sowing,  seed  rate  and  spacing 

Chinese  cabbage  can  be  raised  by  direct  seeding  as  well  as  by  transplanting  the 
seedlings.  Direct  seeding  is  more  commonly  followed  as  it  is  believed  to  give  a 
head  start  over  transplanted  crop.  Secondly,  the  crop  is  saved  from  the  soft  rot 
incidence  because  there  is  no  injury  that  sometimes  occur  due  to  transplanting. 
Hand  planter  may  be  used  to  save  labour.  To  raise  one  ha  crop,  500g  seed  is  required 
through  transplanting  method  and  2.5kg  for  direct  seeding.  Transplanting  can  be 
done  either  on  flat  plots  of  appropriate  sizes  or  on  ridges  each  accommodating 
1-2  rows. 

Spacing  varies  according  to  cropping  types  and  cultivars  used.  Generally  37,000 
plants/ha  (60  x  45cm)  is  standard  for  early  maturing  cultivars  while  28,000  plants 
(70  x  50cm)  for  medium  maturing  cultivars  and  24,000  plants  (75  x  55cm)  for  late 
maturing  cultivars.  PAU  recommends  a  spacing  of  30cm  between  plants  as  well  as 
rows.  Thinning  is  very  important  to  maintain  spacing  between  plants  in  the  rows. 
Seedlings  are  thinned  at  5-6  leaf  stage,  about  three  weeks  after  sowing.  While 
thinning,  diseased,  off-type  and  leggy  seedlings  are  removed. 

Mulching  is  recommended  as  in  the  case  of  lettuce. 

Harvesting,  marketing  and  storage 

Harvesting  begins  when  compact  heads  are  developed.  Heads  are  cut  of  with  a 
sickle.  After  removing  diseased  or  injured  outer  leaves,  heads  are  packed  in  plastic 
bags  or  corrugated  boxes  as  required  by  the  market.  Heads  are  usually  laid  in 
packages  rather  than  placed  upright.  For  non-heading  types,  harvest  the  fully 
developed  leaves  from  near  the  base  without  injuring  the  central  growing  point. 
Under  extreme  cold  conditions,  Chinese  cabbage  can  be  stored  in  the  field  itself. 
Uprooted  plants  are  arranged  closely  in  3—4  rows  length-wise  and  is  covered  with 
straw  matting.  In  warmer  climates,  Chinese  cabbage  is  stored  in  a  refrigerator  or  in 
a  warehouse.  However,  its  shelf-life  is  highly  influenced  by  pre-harvest  factors. 
Sun  shine  and  high  temperature  before  harvest  increase  weight  losses  during  storage 
and  adversely  affect  marketable  quality.  Chinese  cabbage  can  be  stored  several 
weeks  at  0°C  and  of  about  95%  relative  humidity  under  CA  conditions.  Low  02 
(2%)  in  combination  with  low  C02  (2%)  improves  shelf-life  of  Chinese  cabbage. 
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Fenugreek 

(Trigonella  foenum-graecum  Linn.) 

TThangaraj  and  M  Vijayakumaran 

Fenugreek  is  the  third  largest  seed  spice  in  India  after  coriander  and  cumin.  It  is 
one  of  the  principal  odoriferous  constituents  of  curry  powder.  The  dried  seeds, 
the  leaves,  fresh  and  dried  and  the  tender  shoots  are  all  consumed  and  is  valued  as 
food,  flavouring  agent  and  medicine. 

The  seeds  are  good  for  the  elimination  of  bad  breath  and  body  odour.  The 
seeds  are  used  in  colic  flatulence,  dysentery,  diarrhoea,  dyspepsia  with  loss  of 
appetite,  chronic  cough,  dropsy,  enlargement  of  liver  and  spleen,  rickets,  gout  and 
diabetes.  The  seeds  are  carminative,  tonic  and  aphrodisiac.  Fenugreek  seeds 
substantially  contain  ‘Diosgemn’  which  is  used  as  a  starting  material  in  the  synthesis 
of  sex  hormones.  The  content  varies  from  0.40-1.26%  in  seeds.  Fenugreek  also 
helps  to  combat  dandruff  and  is  a  cure  for  baldness  in  man. 

Indian  women  use  the  seeds  of  fenugreek  for  its  power  to  promote  lactation.  In 
certain  parts,  fenugreek  also  serves  as  a  green  fodder  to  cattle.  In  ground,  fine 
form,  mixed  with  cotton  seed,  it  is  fed  to  cows  for  increasing  flow  of  milk.  The 
flowers  are  also  used  for  flavouring. 

Area,  production  and  export  potential 

The  major  producers  of  fenugreek  in  the  world  are  India,  Argentina,  Egypt, 
southern  France,  Morocco,  Spain,  Turkey,  China,  Pakistan  and  Lebanon. 

India  is  the  major  producer  and  exporter  of  this  seed  spice.  It  produces  around 
30,000  tonnes  of  seeds  annually  from  an  estimated  area  of  nearly  35,000  hectares. 
It  is  a  crop  of  commercial  significance  largely  in  Rajasthan,  Madhya  Pradesh,  Uttar 
Pradesh  and  Gujarat.  Rajasthan  claims  the  monopoly  in  production  accounting 
for  about  80%  of  fenugreek  produced  in  the  country.  India  exports  around  1205 
tonnes  of  fenugreek  to  many  countries  like  Saudi  Arabia,  Japan,  Sri  Lanka,  South 
and  North  Korea,  Singapore,  UAE,  Netherlands,  USA  and  UK.  The  volume  of 
global  trade  is  highly  varying  and  the  peak  was  in  the  year  1994-95  wherein  India 
exported  a  quantity  exceeding  7,000  tonnes  valued  more  than  12  crore  rupees. 

Origin  and  taxonomy 

Fenugreek  is  a  native  of  South-eastern  Europe  and  West  Asia.  Fenugreek  belongs 
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to  the  sub  family  Papilionaceae  of  the  family  leguminosae.  The  genus  Trigonella 
comprises  of  50  species  mostly  of  Mediterranean  and  oriental  origin.  It  is  grown 
wild  in  parts  of  North  India  and  is  cultivated  all  over  the  subcontinent  for  its  green 
leaves  and  seeds. 

There  are  two  species  of  the  genus  Trigonella  which  are  of  economic  importance, 
viz.  T.  foenum  graecum,  the  common  methi  and  T.  comiculata,  the  kasthuri  methi. 
The  later  one  is  a  slow  growing  type  and  remains  in  rosette  condition  during  most 
of  the  vegetative  growth  period.  Desi  fenugreek  has  light-green  leaves,  white  or 
light-violet  coloured  flowers  and  lotig  slender  pods  with  a  prominent  beak.  Each 
plant  bears  10—15  twigs  and  100—200  pods.  Each  pod  contains  10—20  small  hard, 
yellowish-brown  seeds  of  about  3mm  long  which  are  smooth  and  oblong  and 
grooved  across  one  another  giving  it  a  hooked  appearance. 

Botany 

Fenugreek  is  an  annual  herb  reaching  to  a  height  of  about  0.9  meters.  Leaves 
are  light-green  and  are  pinnately  trifoliate.  The  flowers  are  papilionaceous.  Fruits 
are  legumes,  long,  narrow,  curved  and  are  tapering  with  a  slender  point  which 
contain  small  deeply  furrowed  seeds.  The  flowers  are  white  or  yellow  in  colour. 
Anthesis  takes  place  between  9am  and  6pm  with  a  peak  at  11.30am.  The  anthers 
dehisce  between  10.30am  and  5.30pm  with  peak  between  11.30am  and  12.30  noon. 
Stigma  becomes  receptive  12  hours  before  flower  opening  and  remains  receptive 
for  about  10  hours  after  the  opening  of  flowers.  The  plants  flower  in  about  30-37 
days  after  sowing  and  the  duration  of  flowering  phase  is  7-18  days.  The  species  is 
typically  self-pollintaed  and  destogamous.  Pollen  fertility  ranges  from  95-98%  in 
the  unopened  flower  buds  and  67-80%  in  the  open  flowers.  The  pods  mature 
within  60-70  days  of  sowing. 

The  cultivated  forms  are  diploids  with  2n=16.  A  sterile  hexaploid  (2n=44)  has 
been  recorded.  A  mixoploid  plant  with  chromosome  numbers  between  24  and  44 
has  been  detected  among  tetraploids.  Aberrational  frequency  is  higher  in  tetraploids. 
Environment  plays  significant  role  on  the  expression  of  morphological  and 
physiological  characters  including  grain  yield.  Genotypic  and  environmental 
interaction  effects  are  also  predominant.  The  two  characters,  namely  number  of 
branches  and  pods  per  plant  revealed  high  genotypic  coefficients  of  variation, 
heritability  estimates  and  genetic  advance.  These  two  characters  also  exhibit 
maximum  correlation  with  grain  yield.  Hence  these  two  characters  serve  as  the  useful 
selection  indices.  However  the  diosgenin  content  shows  a  negative  relationship  to 
that  of  grain  yield. 

Breeding  and  crop  improvement 

Exotic  introductions  are  low  yielders.  Algerian  and  Morocco  types  contain 
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relatively  higher  level  of  ‘diosgenin’.  Selection  plays  a  predominant  role  in  crop 
improvement  of  fenugreek  and  most  of  the  high  yielding  varieties  are  made  out  of 
selections  from  germplasm.  Both  chemical  and  physical  mutagenic  agents  are  useful 
for  induction  of  mutations  in  fenugreek.  The  LD  50  for  dry  seed  is  25kr  and  for 
soaked  seed  20kr.  In  respect  of  Ethyl  Methane  Sulfonate  (EMS)  the  LD  50  was 
20M.  Higher  concentration  of  EMS  leads  to  increased  level  of  chromosomal 
aberrations.  Concentrations  around  0.4  and  0.6%  are  ideal  for  fenugreek.  Tetraploids 
reveal  higher  values  for  many  of  the  morphological  characters.  Seeds  of  tetraploids 
are  larger  but  seed  sterility  is  high. 

Climate 

Fenugreek  is  both  a  tropical  and  temperate  crop.  The  crop  has  a  wider  adaptability 
and  is  grown  in  a  wide  range  of  climatic  conditions.  It  is  grown  from  sea  level  up 
to  an  altitude  of  2,000  meters.  The  crop  requires  a  cool  climate  and  is  capable  of 
tolerating  frost  or  freezing  weather.  Places  receiving  moderate  or  low  rainfall  are 
best  suited  for  the  crop.  Heavy  rainfall  areas  are  to  be  avoided.  Dry  weather  is 
essential  during  crop  maturity  phase. 

Soil 

The  crop  is  adapted  to  all  types  of  soils,  but  its  performance  is  good  in  well 
drained  loamy  soils.  Heavy  loamy  soils  are  used  if  adequate  drainage  facilities  and 
rich  organic  matter  are  available.  Heavy  black  cotton  soils  are  the  best  suited  ones 
for  rainfed  crop.  The  optimum  soil  pH  for  this  crop  lies  between  6. 0-7.0.  The 
crop  is  fairly  tolerant  to  salinity.  However  saline  and  acidic  soils  are  to  be  avoided. 

Season 

The  sowing  time  is  so  adjusted  that  the  pod  development  and  seed  maturity 
phase  coincide  with  a  fairly  dry  period  free  from  rains.  As  a  leaf  crop,  fenugreek  is 
sown  throughout  the  year  in  Karnataka.  For  grain  crop,  there  are  two  distinct 
seasons  for  fenugreek,  viz.  June-July  and  September-December.  In  Rajasthan, 
sowing  is  done  in  the  first  fortnight  of  November.  In  Karnataka,  it  is  sown  from 
the  middle  of  August  to  middle  of  November. 

Varieties 

CO  1  Fenugreek :  Co  1  Fenugreek  is  a  dual  purpose  variety  released  by  the  Tamil 
Nadu  Agricultural  University,  Coimbatore.  The  crop  matures  in  85-90  days  with  a 
grain  yield  of  680kg/hectare.  When  grown  for  leaf,  the  yield  is  around  9  tonnes/ha. 
Because  the  plants  are  dwarf  and  has  a  short-duration,  it  suits  well  for  intercropping 
and  relay  cropping.  The  seeds  contain  20-22%  protein  while,  the  leaf  contains 
15.9%  protein. 
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Rajendra  Kranti:  This  is  a  selection  made  at  the  Dholi  station  of  the  Rajendra 
Agricultural  University.  The  plants  are  medium  tall,  bushy  and  are  suited  for  raising 
as  a  pure  crop  or  as  an  intercrop.  It  yields  around  1,200-1 ,400kg/hectare  in  a  crop 
duration  of  120  days.  Seeds  contain  around  9.5%  protein. 

Lam  Sel  1:  It  is  a  selection  from  the  Regional  Agricultural  Research  Station  at 
Lam,  Guntur  of  N.G.Ranga  Agricultural  University.  The  selection  is  capable  of 
yielding  740kg  of  grain  per  hectare.  The  green  yield  is  around  10-12  tonnes/ha 
under  irrigated  conditions.  It  contains  5.3%  of  protein  in  seed. 

RMT  1:  It  is  a  selection  from  the  SKM  College  of  Agriculture,  Jobner  of 
Rajasthan.  The  selection  yields  around  1500kg  of  seed  from  an  hectare  over  a  crop 
duration  of  140-150  days.  The  variety  is  tolerant  to  root  rot  disease  and  is  moderately 
resistant  to  powdery  mildew  disease.  The  seeds  contain  21.0%  protein. 

Other  varieties'.  Pusa  Early  Bunching  and  Kasuri  selections  made  at  IARI  are 
other  early  maturing  varieties  of  champa  fenugreek  and  can  be  used  for  taking 
many  cuttings.  The  first  cutting  is  made  in  25-30  days.  Methi  No.  47  is  an  improved 
variety  from  Maharashtra.  Rajasthan  advocates  the  variety  RMT  1  while  Bihar 
recommends  Rajendra  Kranti,  Haryana  goes  in  for  the  variety  HM  57  which  is 
capable  of  yielding  1,000kg  of  grain  per  hectare,  Andhra  Pradesh  is  in  favour  of 
Lam  Sel.  1  and  Tamil  Nadu  recommends  Co  1  variety. 

CROP  PRODUCTION 

Seeds  and  sowing 

The  crop  is  raised  through  seeds.  Seeds  are  either  sown  in  lines  or  broadcast. 
Line  sowing  is  done  adopting  a  spacing  of  20— 30cm  between  lines.  In  Tamil  Nadu 
about  20kg  of  seeds  are  sown  in  an  hectare.  Punjab  adopts  a  slightly  higher  seed 
rate  of  30kg  per  hectare.  A  spacing  of  10-15cm  is  followed  within  the  lines.  A 
sowing  depth  of  2-3cm  is  normally  adopted.  Broadcasting  of  seeds  is  done  when 
there  is  sufficient  moisture  in  the  soil.  A  heavy  seed  rate  of  40kg  is  used.  The  seeds 
are  stirred  into  the  soil  after  broadcasting.  Seeds  germinate  in  6-7  days  of  sowing. 

Pre-sowing  seed  treatments 

Seeds  are  soaked  in  water  for  2  days  prior  to  sowing  to  enhance  germination. 
Seeds  are  soaked  in  cycocel  solutions  at  50-100ppm  for  improving  germination 
and  enhancing  seedling  growth.  Soaking  in  a  solution  of  0.6%  EMS  is  recommended 
for  improved  germination  and  survival  of  seedlings.  Seeds  are  also  treated  with 
rhozobium  culture  prior  to  sowing. 

Land  preparation 

The  field  is  ploughed  repeatedly  to  bring  to  a  fine  tilth.  Clods  are  broken  and 
stones  are  removed.  Farmyard  manure  or  compost  is  applied  at  the  last  ploughing. 
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Field  is  levelled  thoroughly;.  Flat  beds  of  convenient  si2e  are  formed  (3  x  2m)  with 
the  irngadon  channels  running  around  between  every  two  rows  of  beds. 

Manures  and  fertilization 

Fenugreek  seed  removes  N,  P  and  K  in  the  ratio  of  2:1:2  from  the  soil.  The 
uptake  of  calcium,  iron  and  zinc  is  also  fairly  high.  The  uptake  per  hectare  of 
nitrogen,  phosphorus  and  potassium  is  of  the  order  of  10.0,  3.5— 8.2kg  respectively. 
The  uptake  of  calcium  and  magnesium  is  of  the  order  of  1.4-1. 8kg.  Other 
micronutrients  are  also  absorbed  considerably,  viz.  Iron  (123g/ha;  manganese 
(14g/ha),  zinc  (39g/ha)  and  copper  (12g/ha).  Therefore  to  maintain  a  steady  state 
of  productivity,  adopt  from  the  major  nutrients,  viz.  nitrogen,  phosphorus, 
potassium  and  magnesium  particularly  and  zinc  are  to  be  included  in  the  fertilizer 
schedule.  The  response  to  nitrogen  is  seen  in  the  form  of  increased  pod  number 
and  grain  yield  up  to  45  kg  N  per  hectare.  Positive  effects  on  yield  are  also  seen 
with  phosphorus. 

The  biomass  production  is  high  with  higher  doses  of  organic  matter  and  mussone 
rock  phosphate  in  combination  with  lead  and  iron. 

Farmyard  manure  or  compost  at  the  rate  of  10-25  tonnes/ha  is  applied. 
Application  of  one  tonne  of  neem  cake  appears  to  be  beneficial.  The  following  is 
the  schedule  of  fertilizer  application  prevalent  in  different  states. 


States 

N 

Recommendation 

P 

K  (kg/ha) 

Gujarat 

20 

60 

30 

Rajasthan 

20 

50 

- 

Tamil  Nadu 

50 

25 

_ 

20 

40 

- 

40 

20 

- 

Bihar 

20 

60 

40 

Use  of  growth  regulators 

A  spray  of  ascorbic  acid  at  250-450ppm  improves  the  plant  growth,  enhances 
flowering  and  seed  number  and  size.  10-100ppm  of  GA  spray  enhanced  the 
internodal  length,  height  and  number  of  leaves.  It  also  induces  earlier  flowering.  A 
spray  of  0.05%  sodium  2,  3-Iso  butyrate  just  before  flower  initiation  decrease  the 
pollen  sterility  and  improves  the  yield. 

Irrigation 

Fenugreek  is  by  and  large  an  irrigated  crop.  Rainfed  cropping  is  in  vogue  in 
some  parts  of  Karnataka.  Immediately  after  sowing,  one  irrigation  is  given.  Care 
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should  be  taken  that  the  seeds  are  not  washed  away  during  irrigation.  A  light 
irrigation  follows  on  the  third  day.  Subsequendy  irrigations  are  given  at  an  interval 
of  7-10  days  depending  upon  the  rainfall.  Irrigation  during  early  vegetative  and 
grain  formation  stages  is  more  critical  than  later  stages.  Excess  irrigation  is  likely 
to  make  the  crop  susceptible  to  root  rot  disease.  Maintenance  of  optimal  soil- 
moisture  is  essential  to  prevent  blossom  and  fruit  crop. 

After  cultivation 

Hoeing  and  weeding  in  the  early  vegetative  stages  of  the  crop  is  essential,  as 
otherwise,  weeds  will  smother  the  crop.  The  crop  is  thinned  20-30  days  after 
sowing.  During  this  process,  a  plant  to  plant  spacing  of  10-1 5cm  within  the  row  is 
maintained  and  1—2  plants  are  allowed  per  hill.  The  pulled  out  plants  are  sold  as 
greens.  At  the  time  of  thinning,  weeding  and  earthing  up  is  given.  Top  dressing 
with  fertilizers  is  also  done  at  this  time.  Tipping  of  the  young  shoots  is  done  after 
10-30  days  of  sowing.  This  is  done  at  a  height  of  4-5cm  from  the  ground  level.  If 
the  crop  is  grown  for  leaf,  subsequent  cuttings  are  taken  at  15  days  interval.  In  the 
case  of  grain  Crop  also,  it  is  customary  to  take  one  or  two  cuttings  for  leaf  before 
allowing  the  crop  to  flowering  and  fruiting  under  North  Indian  conditions. 
Normally  two  clippings  are  taken  at  50-80  days  of  sowing  which  do  not  affect  the 
yield  of  seed  crop.  Cultivars  yielding  higher  grain  yield  tend  to  produce  low  leaf 
yield. 


Harvesting  and  yield 

The  crop  comes  to  harvest  in  about  70—165  days  of  sowing  depending  upon 
variety  and  season  of  sowing.  The  plant  is  pulled  out  entirely  when  the  pods  turn 
yellow,  made  into  small  bundles  and  sun  dried  seeds  are  separated  by  beating  with 
stick.  Separated  seeds  are  winnowed  and  cleaned  before  sun  drying. 

The  yields  depend  upon  the  location,  season  and  varieties.  A  yield  of  1 .2-1.5 
tonnes  of  seeds  and  8-10  tonnes  of  leaves  is  normally  harvested  under  irrigated 
conditions.  In  ratoon  crop,  a  yield  of  500-600kg/hectares  is  gathered. 

Seeds  are  stored  in  gunny  bags  lined  with  polythene  paper.  Vacuum  gravity 
separator  are  used  for  cleaning  fenugreek  seeds.  The  seeds  are  to  be  stored  with  an 
initial  moisture  level  of  7-8%  and  at  an  equilibrium  relative  humidity  of  40%. 

Specific  quality  standards  prescribed. 


Colour  of  seed 
Volatile  substance 
Moisture 
Other  characters 


Orange-yellow 

0.02% 

9.0% 

High  diosgenin 
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The  ASTA  standards  prescribed. 

Total  ash  maximum  5.0% 

Acid  insoluble  ash  1.0% 

Moisture  8.5% 

US  Sieve  size  95%  should  pass  through  US  No. 25  sieve 


Grading  done  is  as  follows: 


Special 

Good 

Fair 

Inorganic  foreign  matter 

0.25 

0.50 

1.00 

Organic  foreign  matter 

0.50 

1.50 

2.50 

Damaged,  discoloured  and  weevil  infested 

0.50 

3.00 

5.00 

Shrivelled  and  immatured  green 

1.05 

3.00 

5.00 

Moisture 

10.00 

10.00 

10.00 

CROP  PROTECTION 

Diseases  and  pests 

Diseases  like  powdery  mildew  and  root  rot,  and  pests  like  aphids  and  leaf  eating 
caterpillars  are  commonly  seen. 

Powdery  mildew 

Powdery  mildew  is  caused  by  the  fungi  Erysiphe  polygoni  DC  and  Laveillula 
taurica  (Lev)  Arn.  Erysiphe  tryphi  is  also  reported.  The  disease  generally  appears 
late  in  the  season  and  is  of  minor  importance.  The  symptoms  include  the  appearance 
of  whitish  fungal  growth  on  leaves.  The  disease  becomes  serious  at  temperatures 
between  15°-25°C  and  at  a  relative  humidity  range  of  60-70%.  The  disease  is 
managed  by  giving  two  sprayings  of  0.2%  sulphur  or  0.05%  Karathane.  Varieties 
like  Prabha,  Rajendra  Kranti,  RMT  1  and  Lam  selection  1  are  tolerant. 

Downy  mildew 

This  disease  is  caused  by  Peronospora  trifoliarum.  Symptoms  include  the  presence 
of  yellow  patches  on  the  upper  surface  and  a  cottony-greyish-white  mycelium  at 
the  lower  surface  in  the  corresponding  areas.  The  disease  is  managed  by  employing 
sprays  of  any  copper-based  fungicides. 

Root  rot 

This  disease  is  caused  by  Rhizoctonia  solani  which  is  soil-borne.  Symptoms 
include  varying  degrees  of  rotting  of  the  root  leading  to  foliage  yellowing  in  30-45 
day-old-plants.  The  affected  plants  wither  and  dry  up. 

Use  of  soil  amendments  like  neem  cake  @  one  tonne  per  hectare  and  farmyard 
manure  @10-25  tonnes  per  hectare  is  beneficial.  The  antagonistic  fungi  Trichoderma 
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viride  is  recommended  along  with  neem  cake.  The  disease  is  checked  by  a  seed 
dressing  with  0.1%  Carbendazim  or  two  soil  drenchings  with  0.1%  Carbendazim. 
Captan  as  a  soil  drench  is  also  effective. 

Damping  off 

This  disease  is  caused  by  the  fungi  Pythium  aphanidermatum.  The  infected  seeds 
and  seedlings  appear  water-soaked,  discoloured  and  soft  emitting  a  bad  odour. 
The  seedlings  topple  down  and  wither  of.  The  disease  is  managed  by  a  drenching 
of  Carbendazim  or  Brassicol. 

Leaf  spot 

Leaf  spot  disease  is  caused  by  the  fungi  Cercospora  traversiana.  This  is  a  minor 
disease  of  fenugreek  in  India.  Presence  of  round  spots  which  are  white  at  the 
centre  and  brown  at  the  periphery  indicates  the  disease.  Fungicide  like  Mancozeb 
is  effective  against  this  disease. 

Rust 

Rust  caused  by  Uromyces  antbyllidis  is  observed  in  the  form  of  minute  brown 
postules  on  both  the  surfaces  of  leaves.  This  is  of  minor  importance. 

Methi  mosaic  wilt 

This  is  a  virus  disease.  Symptoms  include  vein  clearing,  severe  mottling,  curling 
at  the  edges,  reduction  in  the  size  of  leaves,  stunting  of  the  plant  and  ultimately 
wilting. 

Pests 

The  crop  is  not  frequently  affected  by  many  pests.  Leaf  eating  caterpillars  and 
pod  borers  attack  the  crop  sporadically.  Malathion  (0.05%)  or  Quinalphos  (0.04%) 
sprays  are  effective  control  measures. 

Aphids 

Sucking  pests  like  aphids  commonly  attack  fenugreek.  The  leaves  become  crinkled 
and  the  plant  lose  vigour.  Sprays  of  Dimethoate  (0.03%)  or  Methyl  demeton  (0.03%) 
are  useful  against  this  pest. 


Coriander 

(Coriandrum  sativum  L.) 

T  Thangaraj  and  M  Vijayakumar 

Coriander  is  one  of  the  first  seed  spices  to  be  used  by  mankind  as  early  as  5000bc. 
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The  crop  is  popular  for  its  aromatic  seeds,  leaves  and  stems.  All  parts  of  the  plant 
are  indispensable  food  adjuncts  in  Indian  cookery. 

Area  and  production 

Coriander  enjoys  the  status  of  a  commercial  crop  in  many  countries  of  the 
world  including  India.  Morocco,  USSR,  Hungary,  Poland,  Rumania,  Guatemala,. 
Mexico  and  USA  are  in  the  forefront  in  coriander  cultivation.  In  India,  coriander 
occupies  the  pride  of  place  among  the  seed  spices.  This  spice  crop  is  grown  in  an 
area  of  3.85  lakh  hectares  with  an  estimated  production  of  2.24  lakh  tonnes  of 
grains.  Its  cultivation  is  limited  to  a  few  states,  which  include  Rajasthan,  Gujarat, 
Tamil  Nadu  and  Andhra  Pradesh.  Rajasthan  leads  in  both  area  and  production. 

Area  and  production  of  coriander  in  India 

A  major  chunk  of  the  production  is  consumed  within  the  country.  The  country 
earns  around  Rs  28.8  crores  as  foreign  exchange  through  the  export  of  around 
1,400  tonnes  of  coriander.  The  main  importing  countries  are  those  in  the  Gulf 
region.  Apart  from  coriander  seeds  and  its  products  fresh  leaves  are  also  exported 
to  Gulf  countries.  Pakistan,  Egypt  and  Iran  are  the  main  competitors  for  India  in 
the  international  trade. 


Stage 

Area  (ha) 

Production  (mt) 

Andhra  Pradesh 

76,500 

20,400 

Bihar 

2,700 

1,200 

Karnataka 

14,800 

2,500 

Madhya  Pradesh 

1,04,200 

36,600 

Orissa 

2,330 

11,700 

Rajasthan 

1,37,700 

1,45,000 

Tamil  Nadu 

19,800 

2,500 

Uttar  Pradesh 

6,300 

4,300 

Total 

3,85,300 

2,24,200 

Importance  and  uses 

The  fresh  stem,  leaves  and  fruits  of  coriander  have  a  pleasant  aromatic  odour. 
The  entire  plant  when  young  is  used  in  preparing  chutneys  and  sauces.  The  leaves 
are  used  for  flavouring  curries  and  soups.  The  grains  are  extensively  employed  as 
condiment  in  the  preparation  of  curry  powder,  pickling,  soups,  sausages  and 
seasonings.  They  are  also  added  for  flavouring  pastry,  cookies,  buns,  cakes  and 
tobacco  products.  In  USA  and  Europe,  coriander  is  employed  for  flavouring  liquor, 
particularly  gin. 
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Coriander  seeds  possess  immense  medicinal  values  and  are  considered  to  be 
carminative,  diuretic,  tonic  stomachic  and  refrigerant.  They  are  also  reported  to 
lessen  the  intoxicating  effects  of  spirituous  liquors.  An  infusion  of  the  seeds  in 
combination  with  cardamom  and  caraway  seeds  is  useful  against  flatulence, 
indigestion,  vomiting  and  intestinal  disorders. 

Value  added  products 

The  oil  of  coriander  grains  is  a  valuable  ingredient  in  perfumes.  Its  soft,  pleasant 
and  slightly  spicy  note  blends  into  scents  of  oriental  character.  Decydenyde  (0.1% 
voltaile  oil)  is  also  useful  in  perfumery. 

Good  quality  oleoresin  is  extracted  from  coriander  seeds.  The  oleoresin  is  used 
for  flavouring  beverages,  pickles  and  sweets.  The  residue  from  distillation  can  be 
used  as  fodder.  Soluble  coriander  is  prepared  by  properly  blending  and  dispensing 
a  minimum  of  3%  of  total  extractives  of  coriander  on  a  soluble,  dry  edible  carrier. 

Origin  and  taxonomy 

Coriander  is  a  native  of  southern  Europe  and  Asia  minor.  Precisely,  Italy  is 
presumed  as  the  native  place  of  coriander.  The  plant  got  dispersed  subsequendy  to 
other  parts  of  the  world. 

Botany 

Coriander,  Conundrum  sativum  L.  belongs  to  the  family  Apiaceae  (previously 
classified  under  Umbelliferae).  Conundrum  sativum  L.  is  the  only  true  species  of 
the  genus. 

Conundrum  sativum  L.  is  a  smooth,  erect  annual  herb  with  a  long  tap  root,  an 
erect  and  branching  leafy  stem  (300-700mm),  bipinnate  leaves,  the  pinnae  with 
broad  wedge-shaped,  toothed  segments,  the  upper  leaves  becoming  gradually  more 

compressed  with  very  narrow  linear  segments  and  those  of  the  upper  most  almost 
setaceous. 

The  flowers  are  small,  actinomorphic;  the  peripheral  flowers  of  an  umbel  are 
zygomorphic,  hermaphrodite  or  sometimes  unisexual  or  polygamous  white  or  rose 

coloured  in  terminal  umbels,  calyx  of  five  teeth,  petals  obcordate,  outer  one  radiant 
bifid. 

Fruits  schizocarp;  globular,  yellowish-brown,  ribbed  composed  of  two  concavo- 
convex  mericarps,  with  or  without  pedicels  (of  any  length  of  frequency).  Each 
mericarp  has  four,  straight,  primary  ridges  and  five  secondary  ridges.  Five  calyx 
teeth  and  a  short  conical  style  complete  the  apex  of  the  seed.  The  inner  face  of  the 
carpel  has  having  two  vittae.  Seed  hollowed  in  front,  covered  by  a  loose  membrane. 
Carpels  adhering,  separated  with  difficulty.  Seeds  are  aromatic  having  a  slight  fragrant 
odour  and  a  pleasant  aromatic  taste. 
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The  collections  are  grouped  into  two,  viz.  leafy  types  and  grain  types  and  the 
latter  again  is  subdivided  into  small  and  big  grain  types.  Large  thick  skinned  fruits 
are  less  aromatic  and  low  in  oil  than  the  smaller  thin  skinned  fruits. 

The  chromosome  number  of  CoTiandxum  sativum  L.  is  2n— 22.  Similarities  in 
chromosome  number  and  morphology  are  seen.  However,  variants  having  somatic 
nucleus  with  2n=15,  23,  24,  25-27  chromosomes  are  also  prevalent. 

Structural  alterations  of  chromosomes  ought  to  have  contributed  to  the  evolution 
of  the  different  strains  within  the  species. 

A  good  deal  of  variability  is  seen  for  most  biometric  characters.  Environmental 
factors  play  a  significant  role  in  the  expression  of  yield  and  related  characters. 

Crop  improvement 

Plants  taller  in  nature,  possessing  more  number  of  primary  and  secondary 
branches  and  umble  are  considered  ideotypes.  More  number  of  seeds  in  the  umbel 
imp  ties  more  yield  in  coriander.  The  number  of  hermaphrodite,  flowers  and  male 
flowers  decide  the  seed  number  in  umbels.  Hence  selection  is  carried  for  types 
possessing  more  number  of  hermaphrodite  flowers  in  the  umbels. 

Exotic  types  introduced  by  the  Central  Indian  Medicinal  Plant  Organization 
(CIMPO)  from  Bulgaria  have  adopted  very  well  to  Indian  conditions.  Most  of  the 
released  varieties  have  been  developed  as  a  result  of  simple  selections.  Selections 
with  multipinnate  leaves  possessing  heavy  yield  potentialities  have  been  identified 
in  CIMAP.  Selections  showing  erect  compact  habit  with  purple  stem  having  essential 
oil  content  between  1.6— 1.7%  have  been  also  isolated. 

CIMPO  S33  was  released  for  its  tall  erect  and  basal  branching  habit.  It  is  capable 
of  yielding  around  2.1  tonnes/ha  in  a  duration  of  143  days.  This  selection  is  small 
seeded  with  a  higher  essential  oil  content  of  1.3%. 

The  bold  seeded  varieties  UD  1,  UD  20  and  UD  21  are  selections  made  in 
Rajasthan.  The  variety  UD  20  with  a  yield  capacity  of  1.2  tonnes/ha  was  released 
again  as  RCR  20  from  Rajasthan  Agricultural  University,  while  GAU  1  and  GAU  2 
are  selections  from  Gujarat.  A  small  seeded  variety  Karan  (UD  41)  was  also  re¬ 
leased  from  Rajasthan.  In  Madhya  Pradesh,  Gwalior  5385  and  Katwari  type 
coriander  selections  were  made. 

Tamil  Nadu  has  so  far  made  three  selections,  viz.  CO  1,  CO  2  and  CO  3.  Among 
these,  CO  3  is  a  dual  propose  coriander  used  as  grain  cum  leaf  type.  Bihar  has 
identified  a  variety  ‘Rajendra  Swati’.  Guntur  center  from  Andhra  Pradesh  has  also 
made  selections  like  Swathi,  Sadhana  and  Lam  Sel.  2. 

Hydridization 

Coriander  is  basically  a  cross  pollinated  crop.  Hybrids  in  coriander  reveal  heterosis 
for  plant  height  and  yield.  The  characters  of  either  of  the  parents  are  dominant  in 
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Fj  progeny.  The  crop  does  not  exhibit  inbreeding  depression.  The  flowers  are 
minute  and  manual  emasculation  and  crossing  is  cumbersome. 

The  seeds  of  different  country  origin  respond  differendy  to  gamma  rays.  Types 
from  India  and  China  respond  very  poorly  to  gamma  rays.  A  dosage  up  to  5kr  has 
a  stimulating  effect  on  various  traits. 

Climate 

Coriander  is  a  tropical  plant  and  is  capable  of  tolerating  heat  and  drought.  It  is 
not  sensitive  to  cold  but  is  susceptible  to  frost.  Flowering  and  grain  formation 
stages  are  particularly  sensitive  to  frost.  Grain  yield  and  quality  are  at  best  when 
moderately  cool  and  dry  weather  prevails  during  grain  formation  stage.  Heavy 
rains  are  harmful  for  the  crop  while  cloudy  weather  coinciding  with  flowering  and 
fruiting  stage  makes  the  crop  more  prone  to  diseases. 

Soil 

Coriander  grows  in  a  wide  range  of  soils.  As  an  irrigated  crop,  it  can  be  cultivated 
in  all  types  of  soils  with  sufficient  organic  matter.  However,  deep  and  fertile  loamy 
soils  are  best  suited.  Black  or  any  other  heavy  soil  which  retains  moisture  for  longer 
duration  is  ideally  suited  for  rainfed  coriander.  Saline,  alkaline  and  sandy  soils  are 
not  suitable. 


CROP  PRODUCTION 


Season 

Coriander  is  grown  through  out  the  year  for  leaf  purpose  with  the  exception  of 
March-May  months.  But  for  grain,  the  crop  is  adopted  to  specific  seasons. 

In  most  parts  of  central  India  including  Andhra  Pradesh,  West  Bengal  and 
Madhya  Pradesh,  the  crop  is  sown  during  October-November.  Earlier  sowing 
during  August-September  is  in  vogue  in  certain  parts  of  Andhra  Pradesh.  In  Tamil 
Nadu,  as  an  irrigated  crop,  it  is  cultivated  both  in  kharif  and  rabi  seasons.  The 
kharif  crop  is  sown  during  June-July  while  the  rabi  crop  in  October-November. 
As  a  rainfed  crop,  coriander  is  sown  during  October-November.  Coriander  is 
cultivated  as  a  pure  crop  or  mixed  crop  along  with  cotton  or  blackgram  in  Tamil 
Nadu. 

Field  preparation 

The  field  is  ploughed  repeatedly  following  rains,  levelled  and  brought  to  a  fine 
tilth.  Clods  are  broken  and  stones  are  removed.  For  irrigated  crop,  beds  and  channels 
of  convenient  size  (3  x  2m)  are  formed.  Farmyard  manure  or  compost  is  applied 
during  last  ploughing. 
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Seeds  and  sowing 

A  seed  rate  of  10-1 5kg  per  hectare  is  generally  adopted  for  irrigated  coriander. 
An  higher  seed  rate  of  25-30kg  is  followed  for  rainfed  crop. 

Seeds  stored  for  15-30  days  exhibit  early  and  better  germination.  Seeds  can  be 
split  into  halves  either  by  rubbing  with  hands  or  foot  before  sowing.  Seeds  soaked 
in  water  for  a  duradon  of  12-24  hours  and  then  kept  wrapped  in  polythene  sheet 
or  gunny  bags  results  in  enhanced  germination.  Soaking  seeds  in  a  solution  of 
50ppm  of  Gibberllic  Acid  is  beneficial.  Seeds  soaked  in  1%  potassium  dihydrogen 
phosphate  solution  or  in  2%  leaf  extract  of  Calotropis  and  Prosopis  registered 
improved  germination  and  seedling  growth  especially  in  rainfed  crop.  As  a 
preventive  measure  against  seed-borne  diseases,  a  fungicide  seed  dressing  with 
Carbendazim  at  the  rate  of  2g/kg  of  seed  is  advocated. 

Sowing  is  done  in  beds  in  shallow  lines  drawn  30cm  apart.  A  spacing  of  15  cm 
is  allowed  within  the  lines  3-5  seeds  are  sown  for  each  hill  and  are  lighdy  covered. 
A  sowing  depth  not  exceeding  3cm  is  desirable.  BHC  10%  dust  is  used  to  protect 
the  seeds  against  ants. 

For  raising  a  rainfed  crop  not  much  preparations  are  normally  made.  It  is 
advisable  to  plough  the  field  repeatedly  three  or  four  times  before  the  onset  of 
monsoon  and  to  make  the  soil  loose  to  absorb  and  retain  as  much  moisture  as 
possible.  Proper  levelling  of  the  land  and  adoption  of  rain  harvesting  techniques 
are  considered  essential  for  the  crop. 

Seeds  are  simply  broadcast  on  receipt  of  rains  and  are  covered  by  working  with 
country  plough.  Pre-monsoon  sowing  techniques  are  followed  with  more 
advantages. 

Varieties 


Varietal  recommendations  are  very  specific  to  states 


State 

Varieties  recommended 

Punjab 

Pant  Harithma 

Rajasthan 

Karna,.UD  20  (Rcr  20) 

Bihar 

Rajendra  Swati 

Gujarat 

GAU  1,  GAU  2 

Andhra  Pradesh 

Sadhana,  Swath i  Lam  sel  1 

Tamil  Nadu 

Co  1,  Co  2,  Co  3 

Madhya  Pradesh 

Gwalior  5365,  Merrocan,  VI,  V2  Champa  S  33 

Haryana 

Narnaul  Selection 

Manures  and  fertilizers 

Positive  response  has  been  reported  in  coriander  to  the  application  of  nitrogen 
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and  phosphorus.  Nitrogen  improves  the  plant  height,  number  of  branches  and 
grain  yield.  Too  much  of  nitrogen  delays  ripening  and  reduces  the  yield.  The 
response  of  coriander  to  potassium  is  still  under  dispute.  Coriander  yielding  631kg 
per  hectare  of  grain  is  estimated  to  remove  12kg  of  nitrogen,  4.5kg  of  phosphorus 
and  11kg  of  potassium  from  the  soil.  Various  levels  of  fertilizers  have  been 
recommended  for  different  states. 

Fertilizer  recommendations  for  coriander 

Fertilizers  are  generally  applied  in  rows  along  the  lines  and  worked  into  the  soil 
followed  by  copious  irrigation.  Normally  nitrogen  is  applied  in  two  equal  splits, 
the  first  dose  is  given  basally  at  the  time  of  sowing  followed  by  a  second  dose  after 
one  month  of  sowing  combined  with  the  first  weeding,  earthing  up  and  thinning 
operations. 


Location 

Farmyard  manure 

(tonnes/ha) 

N 

Recommendations 

PPs 

k2o 

Time  of  Application 

Gujarat 

25 

60 

60 

30 

Basal  and  30  days 

15 

49 

29 

after  sowing 

15 

20 

- 

25 

15 

- 

- 

Rajasthan 

20 

- 

- 

At  sowing  30-45 

20 

- 

- 

DAS  and  at 

20 

- 

- 

flowering 

Tamil  Nadu 

20 

40 

20 

10-25 

20 

40 

- 

Bihar 

25 

60 

40 

20 

At  sowing 

20 

- 

- 

30  DAS  and 

20 

- 

- 

75  DAS 

Use  of  growth  regulators 

A  spray  of  GA  lOOppm  at  five  leaf  stage  increases  the  male  flower  while  Ethrel 
and  CCC  reduce  the  ratio  of  bisexual  to  male  flowers.  GA  from  5ppm  up  to 
50ppm  hastens  and  imrproves  flowering,  when  sprayed  at  5  leaf  stage.  Benzyl 
Adenine  counters  the  effect  of  GA.  Soaking  seeds  in  50ppm  of  IAA  improves 
flowering  while  ascorbic  acid  increases  the  frequency  of  bisexual  flowers.  Application 
of  Magnesium  chlorate  at  8kg/ha  at  the  waxy  stage  of  ripening  makes  harvesting 
easier  and  improves  the  essential  oil  content. 

Irrigation 

The  water  needs  depend  much  on  the  climatic  and  soil  conditions.  Continuous 
and  uniform  supply  of  moisture  in  the  soil  is  desirable  for  coriander.  The  crop 
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receives  the  first  irrigation  immediately  after  sowing.  One  life-irrigation  is  given  on 
the  third  day  of  sowing.  There  after  irrigations  are  given  at  7-10-day-intervals 
depending  upon  the  rainfall.  Irrigation  in  the  early  vegetative  phase  is  more  crucial 
than  in  late  maturity  stages.  Over  watering  is  likely  to  pre-dispose  the  crop  to  wilt 
attack. 

Cultivation 

Care  is  taken  to  maintain  the  field  free  of  weeds,  especially  at  the  early  vegetative 
phase  as  otherwise  the  crop  will  be  smothered  by  weeds.  Hoeing  and  earthing  up 
is  done  in  about  30  days  of  sowing.  Thinning  of  plants  is  done  simultaneously 
leaving  only  two  plants  per  hill.  Subsequent  weeding  is  done  as  and  when  required. 
A  pre-emergent  application  of  Fluchloralin  at  875ml  in  625  litre  of  water  per  hectare 
gives  good  control  of  weeds.  Pre-emergent  application  of  Pendimethalin  at  7kg/ 
ha  is  also  recommended.  A  spray  of  Cycocel  (CCC)  at  250ppm  one  month  after 
sowing  is  beneficial  for  a  rainfed  crop. 

Harvesting 

Coriander  crop  is  ready  for  harvest  in  about  90-140  days  of  sowing  depending 
upon  varieties  and  growing  conditions.  Certain  early  maturing  types  are  harvested 
in  70-80  days.  Harvesting  at  appropriate  maturity  stage  is  crucial  for  maintaining 
the  quality  standards.  One  or  two  leaf  harvesting  is  practiced  in  certain  pockets 
of  the  country  on  certain  varieties.  50%  of  leaves  are  normally  harvested  at  60-75 
days  of  sowing  which  fetches  a  handsome  additional  revenue  to  the  grower  without 
affecting  the  yield  of  crop.  Crops  exclusively  grown  for  greens  are  harvested  after 
30-35  days  of  sowing.  Staggered  sowing  and  harvesting  makes  the  fresh  green  leaf 
available  over  longer  periods. 

The  stage  of  harvest  is  determined  by  the  change  in  colour  of  grains  from 
green  to  yellow  or  brown  colour.  It  is  proper  to  harvest  the  fruits,  when  95-100% 
of  fruits  have  turned  yellow.  Delayed  harvest  leads  to  shattering  of  grain  at  the 
time  of  harvest  and  splitting  of  fruits  during  subsequent  processing  operations. 
Rainy  and  cloudy  days  are  avoided  for  harvesting.  Whole  plants  are  pulled  or  cut 
and  piled  into  small  stacks  in  the  field  to  dry  for  2-3  days.  The  fruits  are  then 
thrashed  out  over  a  clean  floor  by  beating  with  sticks.  The  produce  is  winnowed, 
cleaned  and  dried  in  partial  shade.  During  drying,  adequate  care  is  taken  not  to 
expose  the  grains  to  rain  or  damp  weather  as  otherwise  the  grains  become 
discoloured.  Over  exposure  to  hot  sun  is  undesirable  as  it  reduces  the  oil  content 
and  affects  the  quality.  Drying  is  done  to  maintain  a  moisture  level  below  13%  in 
seeds.  Grading  before  marketing  ensures  better  price.  During  grading,  small,  ill 
filled,  discoloured  and  broken  grains  are  separated  out.  Gunny  bags  lined  with 
polythene  sheets  are  used  for  bagging  and  the  bags  are  kept  in  a  cool  dry  place. 
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PLANT  PROTECTION 


Pests 

Aphids:  Two  types  of  aphids  are  kwnon  to  infest  coriander: 

Coriander  aphid  Brevicoryme  corianderi  Das 

Mealy  plum  aphid  Hyalopterus  pruni  and  Aphis  criticola 

Nymphs  and  adults  suck  the  sap  from  leaves,  flowers  and  fruits.  It  also  pre¬ 
disposes  the  crop  to  sooty  mould  incidence.  The  crop  becomes  chlorotic  and  the 
grains  become  shrivelled  resulting  in  loss  in  yield  and  quality.  Clip  off  the  heavily 
infested  plant  parts.  Chemical  sprays  with  0.03%  Dimethoate  or  0.05% 
Phosphomidon  or  0.03%  Monocrotophos  renders  protection  against  this  pest. 
The  spray  is  repeated  if  needed. 

Stink  bug  (Nezara  viridula  and  Agonoscelis  nobilis):  This  bug  sucks  the  sap 
from  leaves  and  stems  leading  to  vigour  loss.  Alternate  hosts  like  citrus,  coffee  and 
nee  are  avoided.  Sprays  of  Dimethoate  (0.03%)  or  0.05%  of  Quinalphos  will-control 
this  pest. 

Whitefly  ( Bemisia  tabaci):  This  pest  sucks  the  sap  from  plants  and  causes  loss 
in  vigour.  Sprays  like  2%  fish  oil  resinsoap,  0.5%  neem  oil,  or  0.03%  methyl  demeton 
will  control  this  pest.  Maintenance  of  field  sanitation,  judicious  management  of 
nitrogen  and  restricted  irrigation  to  check  excess  vegetative  growth  will  prevent 
pest  build  up.  Other  pests  attacking  coriander  are  thrips  Scirtothrips  dorsalis,  Thrips 
tabaci,  Leaf  eating  caterpillar  Spodoptera  litura  and  Spodoptera  exignua  and  cut  worms. 
The  following  stored  product  pests  are  noticed  in  coriander: 

Stegobium  panicum 
Lusioderma  serricomal 
Rhizopertha  dominica 
Cribbium  psoylloids 
Trigoderma  granarium 
Attagenenus  fasciatus 
Tribolium  casteneum 

Optimal  moisture  level  for  the  survival  of  storage  pests  in  the  grains  ranges 
from  20.0-70.0%.  Keeping  the  moisture  level  in  the  grain  below  11.0%  is  a  pre¬ 
requisite  for  discouraging  these  storage  pests. 

Heat  therapy 

Exposure  of  grains  to  temperatures  of  50,  60,  70,  80  and  100°C  for  periods  of 
120,  60,  45,  25  and  15  minutes  respectively  reduces  the  incidence  of  storage  pests. 


Chemical  control 

Fumigation  with  sulphur-dioxide  before  storage  is  effective  in  arresting  the 
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storage  pests.  Other  fumigants  like  Phosphine,  Ethylene  Dibromide  or  Methyl 
Bromide  are  also  effective  when  used  at  the  rate  of  1.0-1.38mg/litre. 

Diseases 

Diseases  like  wilt,  powdery  mildew,  blight  and  stem  gall  assume  importance  in 
coriander  causing  heavy  crop  losses. 

Wilt:  This  disease  is  caused  by  the  fungi  Fusarium  oxysporum  f  sp.  The  fungi 
infects  the  root  of  the  plant.  Symptoms  include  root  discolouration  and  decay. 
Plants  droop  down  and  finally  dry  up.  The  disease  spreads  through  infected  soil. 

The  following  package  is  recommended  for  controlling  the  disease: 

1.  Deep  summer  ploughing  of  the  field 

2.  Growing  tolerant  varieties  like  RCR  41,  C03,  UD  373,  CS  287  UD  20, 
Sadhana,  Swathi 

3.  Use  of  disease-free  healthy  seeds  obtained  from  wilt  free  areas. 

4.  Following  two  to  three  year  crop  rotation. 

5.  Seed  treatment  with  Thiram  and  Bavistin  at  the  proportion  of  1  :  1  and  at 
the  rate  of  2g/kg  of  seed 

6.  Seed  pelleting  with  Trichoderma  viride 

Powdery  mildew:  This  disease  is  caused  by  the  fungus  Erysiphe  polygoni. 
Symptoms  include  the  appearance  of  white  powdery  mass  on  the  leaves  and  twigs 
of  the  plant.  If  left  uncontrolled,  the  whole  plant  is  covered  with  whitish  powder. 
The  infected  plants  do  not  produce  grain  and  even  if  they  produce  grains  the 
number  as  well  as  size  is  much  reduced. 

The  disease  spreads  through  air-borne  conidia  and  the  yield  loss  is  from  18- 
20%.  Two  sprayings  of  Karathane  at  0.1%  concentration  of  15  days  interval  is 
useful  in  checking  the  disease.  0.1%  Carbendazim,  0.1%  Dinocap  or  0.025%  sulphur 
are  also  for  better  results. 

Blight:  This  disease  is  caused  by  the  fungus  Altemaria  poonensis.  The  symptoms 
include  the  appearance  of  dark-brown  spots  on  the  stems  and  leaves.  Sprays  with 
0.2%  Carbendazim  or  0.2%  Mancozeb  or  0.1%  Carbendazim  20  days  after  grain 
set  effectively  contains  the  disease. 

Stem  gall:  This  disease  is  caused  by  the  fungi  Protomyces  macrosporus  ungel. 
Blisters  appear  on  the  leaves  and  on  the  stem  which  deform  the  seeds  and  the  yield 
is  reduced.  Yield  loss  is  up  to  23%.  The  infection  is  more  severe  under  humid 
conditions. 

The  pathogen  is  a  soil  inhabitant  producing  chlamydospores  which  form  the 
primary  source  of  infection.  It  is  also  seed-borne.  Use  of  tolerant  varieties  like 
RCR  41  is  recommended.  Seed  treatment  with  Agrosan  at  2g/kg,  or  Thiram  and 
Bavistin  in  equal  quantities  at  2g/kg  of  seed  is  effective.  Spraying  0.1%  Bavistin  at 
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the  appearance  of  the  disease  two  to  three  times  at  20  days  interval  is  effective. 
Solarization  treatment  of  seeds,  use  of  Tnchoderma  viride  as  control  agents. 


Cumin 

(Cuminum  cyminum  L.) 

A  K  Ceiakrabarti 

Cumin  is  one  of  the  seed  spices  used  extensively  in  India  and  other  countries  for 
flavouring  of  dishes.  It  is  liked  for  its  strong  and  heavy  flavour. 

Area  and  production 

Cumin  is  extensively  grown  in  the  arid  and  semi-arid  regions  of  the  world.  It  is 
commercially  cultivated  in  Iran,  India,  Turkey,  China,  Morocco,  Indonesia  and 
Japan.  In  India,  it  is  mainly  cultivated  in  dry  areas  of  the  states  of  Rajasthan  and 
Gujarat  and  in  a  limited  extent  in  Madhya  Pradesh,  Andhra  Pradesh,  Karnataka, 
Tamil  Nadu,  Uttar  Pradesh,  Haryana  and  Punjab.  India  produced  1.17  lakh  tonnes 
of  cumin  from  an  area  of  3.07  lakh  ha  during  1997-98  and  exported  11,000  tonnes 
during  1998-99  earning  Rs  59.73  crore  in  foreign  exchange.  Iran  and  Turkey  are 
the  major  world  exporter  of  cumin  seed. 

Importance  and  uses 

Cumin  is  used  for  its  aromatic  seed.  It  produces  strong  and  heavy  flavour  due 
to  an  alcohol,  cuminol  and  is  slightly  bitter  in  taste.  It  is  used  in  the  preparation  of 
curry  powder  for  flavouring  soups,  pickles  and  for  seasoning  breads  and  cakes. 

Cumin  seeds,  under  traditional  Ayurvedic  and  Unani  system  of  medicine, are 
considered  stimulant,  carminative,  astringent  and  useful  in  diarrhoea  and  dyspepsia. 
They  are  also  used  in  veterinary  medicine. 

Cumin  seeds  produce  2.5— 4.5%  volatile  oil  by  steam  distillation  which  is  used  in 
perfumery  industries  and  also  for  flavouring  of  dishes,  liquors  and  cordials.  The 
main  ingredient  of  volatile  oil  is  aldehyde.  In  addition  to  volatile  oil,  the  seed  also 
contains  about  10%  fixed  (non-volatile)  oil  with  strong  aromatic  flavour  which  is 
used  in  oil,  fat  and  soap  industries. 

Origin  and  taxonomy 

Cumin,  considered  to  be  one  of  the  oldest  spices  known  since  Biblical  times,  is 
believed  to  be  native  of  Egypt  and  Syria,  Turkey  and  the  Eastern  Mediterranean 
region.  From  there  it  spread  to  other  parts  of  the  world  and  adapted  to  various 
agro-climatic  conditions. 

Cumin  belongs  to  the  family  apiaceae  (previously  classified  under  umbelliferae) 
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and  genus  Cuminum.  It  is  a  small  and  slender  annual  herb  which  grows  to  a  height 
of  about  45cm  with  many  branches  and  linear,  dark-green  leaves.  Flowers  are  small, 
white  or  pink  and  are  borne  in  small  compound  umbels.  Seeds  are  small  tapering 
at  both  the  ends, elongated  (6mm  long),  oval  and  light-yellowish  to  greyish-brown 
in  colour  resembling  caraway  seed  to  some  extent. 

CROP  IMPROVEMENT 

Planned  work  on  collection  and  improvement  of  cumin  was  started  by  ICAR  in 
1957  at  the  Indian  Agricultural  Research  Institute  and  a  number  of  superior  types, 
namely  NP  (J)  126  and  NP  (J)  149  with  37-100%  higher  yield  than  the  local  types 
were  ldendfied.  In  Rajasthan,  systematic  work  on  improvement  of  cumin  started 
in  1975  with  the  establishment  of  a  centre  of  All-India  Co-ordinated  Research 
Project  on  Spices  at  Jobner  where  a  number  of  indigenous  and  exotic  collections 
were  made  and  evaluated.  Some  of  the  varieties  recommended  for  Rajasthan  are 
UC  198,  RS  1,  Vijapur  5  and  MC  43.  Mostly  different  methods  of  selection  were 
used  for  development  of  varieties.  Variety  RZ  19  was  developed  by  recurrent 
selection  and  variety  GC  1  was  developed  by  single  plant  selection. 

Varieties 

Several  varieties  have  been  recommended  by  different  states. 

RZ  19  (Rajasthan  Zeera  19):  It  was  developed  at  SKN  College  of  Agriculture, 
Rajasthan  Agricultural  University,  Jobner  and  released  in  1988.  It  is  a  high  yielding 
variety  with  bold,  dark-grey  and  pubescent  seeds.  It  takes  130-140  days  to  mature 
and  yields  0.47-0.57  tonnes/ha  seed  with  2. 3-3.0%  volatile  oil.  It  is  tolerant  to  wilt 
and  blight. 

RZ  209  (Rajasthan  Zeera  209):  It  was  developed  at  Jobner  and  identified  in 
1995  for  release.  Characteristics  of  this  variety  are  similar  to  those  of  RZ  19  but  it 
has  shown  higher  resistance  to  wilt  and  blight.  It  takes  almost  same  duration  as 
RZ  19  to  mature  and  yields  0.65  tonne/ha  on  an  average. 

RS  1:  It  is  a  promising  variety  grown  in  Rajasthan  with  an  average  yield  of  0.7 
tonnes/ha. 

UC  198:  It  is  a  new  variety  of  Rajasthan  with  high  volatile  oil  content  of  5-6%. 
It  is  highly  tolerant  to  wilt  disease. 

GC  1  (Gujarat  Cumin  1):  It  was  developed  at  Gujarat  Agricultural  University 
and  released  in  1988.  It  is  a  high  yielding  variety  with  bold,  oblong  and  ashy-brown 
seed.  It  takes  105-110  days  for  becoming  ready  for  harvest.  It  yields,  on  an  average 
0.7  tonnes/ha  of  seed  with  3.6%  volatile  oil.  It  is  tolerant  to  wilt  and  blight  diseases. 

GC  2  (Gujarat  Cumin  2):  It  is  a  promising  variety  with  high  yield  potential. 

Vijapur  5:  It  is  a  popular  variety  of  Gujarat  with  bold  seed  and  high  yield.  It  is 
susceptible  to  diseases  and  requires  adequate  protection  measures. 
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MC  43:  It  is  another  promising  variety  cultivated  in  Gujarat  with  an  average 
yield  of  0.58  tonnes/ha.  Seeds  produce  3.6%  volatile  oil.  It  takes  115  days  to  be 
ready  for  harvesting.  It  is  tolerant  to  wilt  and  blight. 

Of  these  varieties,  GC  1,  GC  2,  RZ  19,  RZ  209  and  MC  43  have  been 
recommended  by  Indian  Institute  of  Spices  Research  and  All-India  Co-ordinated 
Research  Project  on  Spices.  Another  promising  variety  which  has  been  identified 
for  released  is  GC  3  with  average  yield  of  0.66  tonnes/ha. 

CROP  PRODUCTION 

Climate  and  soil 

Though  cumin  is  grown  under  various  agro-climatic  situations,  it  prefers  mild 
climatic  conditions  for  successful  cropping.  It  requires  dry  climate  for  about  four 
months.  It  is  cultivated  during  winter  in  the  plains  of  India.  High  humidity 
predisposes  the  crop  to  diseases  like  powdery  mildew  and  blight  causing  heavy 
damage  which  reduces  the  yield  and  deteriorates  quality. 

It  can  grow  on  different  types  of  soil  but  it  does  best  on  well  drained  loams 
with  good  fertility.  Very  heavy  and  light  soils  are  not  preferred. 

Seeds  and  sowing 

Seeds  are  sown  in  well  prepared  fields  having  sufficient  moisture.  The  proper 
time  of  sowing  is  from  middle  of  November  to  early  December  depending  on  the 
temperature.  In  places  like  Rajasthan  where  winter  is  severe,  best  time  for  sowing 
is  middle  of  November.  Delay  in  sowing  results  in  slow  germination  and  growth 
resulting  in  poor  yield. 

The  crop  is  usually  sown  by  broadcasting  of  seed  but  line  sowing  is  more 
preferred.  When  sown  in  line,  a  spacing  of  20-30cm  should  be  maintained  between 
rows.  After  sowing,  the  seeds  should  be  covered  lightly  with  the  soil.  It  usually 
requires  12-1 5kg  of  seed  per  hectare. 

Manures  and  fertilizers 

Cumin  does  not  require  heavy  fertilization.  Several  workers  have  given 
recommendations  for  various  soil  and  agro-climatic  conditions.  A  basal  application 
of  15-20  tonnes  of  farmyard  manure  per  ha  has  been  recommended  at  the  time  of 
land  preparation.  This  should  be  supplemented  with  a  fertilizer  dose  of  40-50kg 
nitrogen  and  20-30kg  phosphorus  per  ha.  The  entire  quantity  of  phosphatic 
fertilizer  and  half  of  the  nitrogenous  fertilizer  should  be  applied  as  basal.  The  rest 
half  of  the  dose  of  nitrogenous  fertilizer  should  be  applied  45  days  after  sowing. 
Alternatively,  half  of  the  dose  of  nitrogenous  fertilizer  can  be  applied  30  days  and 
rest  half  after  60  days  of  sowing.  The  crop  has  not  been  found  to  give  good  response 
to  the  application  of  potassic  fertilizers. 
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Irrigation 

If  the  soil  is  heavy,  first  irrigation  should  be  given  before  land  preparation  and 
sowing  should  be  done  on  optimum  moisture  condition  of  the  soil.  In  light  soils, 
irrigation  can  be  given  after  sowing.  Seeds  take  about  a  week  to  germinate.  If  soil- 
moisture  is  insufficient  for  germination,  another  light  irrigation  may  be  given  after 
8-10  days  of  sowing.  The  crop  requires  4-5  irrigations  at  an  interval  of  20-30  days 
depending  on  weather  and  soil.  The  last  irrigation  should  be  given  at  seed  maturity. 
Thereafter,  irrigation  should  be  discontinued  as  it  may  affect  the  seed  quality 
adversely.  It  has  been  reported  that  the  consumptive  use  of  water  for  cumin  is 
227mm. 

Interculture 

Care  should  be  taken  to  keep  the  field  free  of  weeds  especially  during  early 
stages  when  growth  of  the  crop  is  slow.'  First  weeding  and  hoeing  should  be  done 
after  about  30—40  days  of  sowing  when  the  plants  are  about  5cm  tall.  Thinning  of 
the  plants  should  also  be  done  at  the  same  time  to  maintain  a  spacing  of  10-1 5cm 
from  plant  to  plant  within  a  row.  It  may  require  one  to  two  weedings  for  better 
crop  growth. 

Some  weedicides  like  Fluchloralin  1.0— 1.5kg/ha,  Oxyfluorfan  0.25kg/ha, 
Pendimethalin  l.Okg/ha,  Oxadiazon  l.Okg/ha  and  Benthiocarb  2.0kg/ha  applied 
before  sowing  of  the  crop  and  emergence  of  the  weed  have  been  reported  to  give 
excellent  control  of  weeds  in  cumin. 

Harvesting 

The  crop  takes  about  120-150  days  depending  upon  the  variety  and  agro-climatic 
conditions  to  become  ready  for  harvest.  It  is  harvested  by  uprooting  the  plants  or 
by  cutting  the  plants  with  sickles  when  the  seeds  have  turned  brown.  The  plants 
are  stacked  in  small  heaps  for  2-3  days  in  the  field  for  proper  drying.  Seeds  are 
separated  manually  by  beating  with  sticks.  Seeds  are  cleaned  from  chaff  by 
winnowing  and  sieving. 

A  good  and  healthy  crop  yields  on  an  average  0.6-0.7  tonnes/ha. 

PLANT  PROTECTION 


Pests 

Aphid:  These  tiny  insects  suck  the  cell  sap  and  make  the  plants  weak.  Aphids 
can  be  effectively  controlled  by  spraying  with  0.05%  water  emulsion  of 
Phosphamidon,  Dimethoate  or  Methyl  demeton. 

Leaf  eating  caterpillar:  The  larvae  cause  considerable  damage  at  the  early  stage 
of  crop  growth.  These  can  be  controlled  by  spraying  with  water  emulsion  of  0.1% 
Methyl  demeton  or  0.05%  Phosphamidon. 
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Root  knot  nematode :  Root  knot  nematodes,  Meloidogyne  incognita  and  M.javamca 
cause  considerable  damage.  They  form  galls  in  the  root  and  the  plants  become  weak. 
Chemical  control  measure  by  application  of  Dichloropropane  dichloropropane 
(DD)  is  costly.  Variety  MC  Sel.9  has  been  reported  to  be  resistant. 

Diseases 

Wilt  (Fttsarium  oxysporum  f.cumini):  This  is  a  serious  disease  causing 
considerable  damage  to  cumin  in  Rajasthan,  Gujarat  and  Haryana.  Though  the 
plants  are  affected  at  any  stage  of  growth,  the  disease  is  more  severe  when  the 
plants  are  4— 6-weeks-old.  Characteristic  symptoms  are  drooping  of  the  leaves  and 
twigs  followed  by  wilting.  The  affected  plants  develop  browning  of  the  vascular 
system  which  can  be  seen  if  a  cross  section  of  the  lower  stem  is  examined. 

It  is  difficult  to  control  the  disease  since  it  is  soil-borne.  Indian  Institute  of 
Spices  Research  (IISR)  and  All-India  Co-ordinated  Research  Project  on  Spices 
(AICRPS)  have  recommended  seed  treatment  with  a  mixture  of  Carbendazim  + 
Captan  (1  :  1)  @  4g/kg  of  seed,  summer  ploughing  of  the  field,  use  of  neem  cake 
and  three  years  crop  rotation  sequence  to  accommodate  cumin  once  in  three  years, 
as  control  measures.  However,  the  best  method  of  control  is  the  use  of  resistant 
variety.  Varieties  RZ  19,  RZ  209,  UC  198  and  GC  1  are  tolerant  to  this  disease. 

Blight  ( Alternaria  burnsii):  The  disease  is  characterized  by  the  appearance  of 
small,  isolated,  scattered  whitish  spots  on  any  aerial  part  of  the  plant  especially  the 
young  leaves.  The  spots  enlarge,  become  brown  and  then  black  as  the  disease 
advances.  The  seeds  of  the  affected  plants  are  shrivelled  and  dark  coloured.  The 
disease  becomes  severe  when  the  atmospheric  humidity  is  high  and  at  temperature 
of  23°-28°C. 

Seed  treatment  with  Carbendazim  and  regular  spraying  of  the  crop  at  15  days 
intervals  with  fungicides  like  Mancozeb  or  Copper  oxychloride  (both  at  0.2%) 
commencing  at  flowering  have  been  recommended  by  IISR  and  AICRPS  for 
controlling  the  disease.  Varieties  RZ  19,  RZ  209,  GC  1  and  MC  43  are  tolerant  to 
blight. 

Powdery  mildew  (Erysiphe  polygoni):  The  disease  first  appears  on  the  leaves 
and  then  on  other  green  parts  of  the  plant.  It  produces  characteristic  symptom 
with  the  appearance  of  white  powdery  patches  on  both  sides  of  the  leaf.  It  usually 
appears  late  in  the  season  and  the  intensity  becomes  highest  at  the  time  of  flowering 
and  seed  formation.  Under  warm  and  moist  weather  conditions,  the  disease  spreads 
very  rapidly.  The  seeds  become  small  and  shrivelled  and  if  the  infection  is  early, 
seed  development  is  stopped. 

The  control  measure  consists  of  field  sanitation  to  check  infection  from  soil- 
borne  inoculum.  The  residue  of  an  infected  crop  should  be  burnt.  IISR  and  AICRPS 
have  recommended  dusting  of  Sulphur  fungicide  @  25kg/ha  or  spraying  of  wettable 
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sulphur  or  Dinocap  (0.25%)  twice  at  an  interval  of  15  days  commencing  from  45 
days  after  germination  as  control  measures. 


Herbal  spices 

KJ  Madfiusoodanan  and  KVPktpr 

Herbs,  in  general,  are  succulent  plants.  There  are  annual,  biennial  and  perennial 
herbs.  Based  on  the  uses,  they  are  also  broadly  grouped  into  culinary,  cosmetic  and 
pharmaceutical.  The  Mediterranean  areas  including  North  Africa  and  the  Middle 
East  are  considered  the  centres  of  origin  of  most  of  the  herbal  spices  and  are 
naturalized  into  other  parts  of  the  world. 

Large  number  of  herbs  belong  to  family  Umbelliferae  and  Labiatae  (Table  1). 
They  yield  an  array  of  essential  oils  on  disullation  which  are  put  into  varied  industrial 
uses.  A  notable  development  in  the  past  decade  has  been  the  substantial  increase 
in  the  use  of  fresh  and  dehydrated  herbal  spices.  Fresh  culinary  herbs  have  become 
an  important  part  of  cuisine  because  the  users  are  interested  in  enhancing  the 
flavours  of  foods  without  increasing  the  food’s  calories,  sugar,  salt  and  cholesterol 
contents.  They  also  use  it  for  aroma  and  garnishing.  In  keeping  with  today’s  life 
style  of  healthier  and  lighter  meals,  a  shift  to  natural  flavour  enhancers  is  essential. 

Area  and  production 

Herbs  are  probably  the  most  widely  grown  plants  in  the  world  today.  They  are 
extensively  cultivated  in  Mediterranean  and  European  countries  like  Turkey,  Egypt, 
Yugoslavia,  Algeria,  Albania,  Spain,  Greece  etc.  and  also  raised  commercially  in 
USA,  UK,  France,  Germany  and  the  Netherlands.  Since  many  of  these  are  cultivated 
on  small  holdings,  accurate  data  on  area  under  cultivation,  production  and 
productivity  are  scarcely  available.  The  large  scale  production  is  also  undertaken  in 
hot  house  (green  house)  conditions.  However,  field  grown  organically  produced 
herbs  have  a  market  preference.  Data  on  estimated  consumption  of  selected  herbal 
spices  and  their  source  countries  are  available.  Even  in  non-traditional  herb  growing 
countries,  one  or  the  other  herb  is  raised  in  substantial  area  such  as  cultivation  of 
mint  in  India  (37,000ha  of  Japanese  mint,  l,200ha  of  spearmint  and  300ha  of 
peppermint  producing  annually  5,300  tonnes  of  the  former  100  and  29  tonnes 
each  of  the  latter  two  respectively)  and  culantro  in  Guatemala  (production  23 mt). 
Today,  substantial  quantity  of  herbs  are  consumed  even  in  developing  countries. 
One  of  the  surveys  indicates  that  consumption  of  herbs  in  India  is  around  200 
tonnes  of  which  only  64  tonnes  are  produced  domestically  and  the  balance  imported 
mainly  through  Singapore. 
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Table  1 .  Common 

name,  botanical  name  and  family  of  important  herbal  spices 

Common  name 

Botanical  name 

Family 

Ajowain 

Trachyspermum  amm  L. 

Apiaceae 

Anise 

Pimpinella  anisum  L. 

Spragueae 

Basil 

Ocimum  basilicum  L. 

Lamiacea 

Bay  leaf 

Laurus  nobilis  L. 

Lauraceae 

Caraway 

Carum  carvi  L. 

Apiaceae 

Celery 

Apium  graveolens  L. 

Apiaceae 

Chervil 

Anthriscus  cereifolium  L. 

Apiaceae 

Chivas 

Allium  schoenoprasum  L. 

Liliaceae 

Dill 

Anethum  sowa  Kurz 

Apiaceae 

Horse  radish 

Armoracia  rusticana  L. 

Brassicaceae 

Hyssop 

Hyssopus  officinalis  L. 

Lamiaceae 

Leek 

Allium  fistulosum  L. 

Liliaceae 

Lovage 

Levisticum  officinale  Kach 

Apiaceae 

Marjoram 

Origanum  marjorana  L. 

Lamiaceae 

Mint 

Mentha  arvensis  L. 

Lamiaceae 

Oregano 

Origanum  vulgare  L. 

Lamiaceae 

Parsley 

Petroselinum  cri spurn  Mill. 

Apiaceae 

Peppermint 

Mentha  piperita  L. 

Lamiaceae 

Poppy  seed 

Papaver  somniferum  L. 

Papavraceae 

Rosemary 

Rosmarinus  officinalis 

Lamiaceae 

Sage 

Salvia  officinalis  L. 

Lamiaceae 

Savory 

Saturea  hortensis  L. 

Lamiaceae 

Star  anise 

Illcum  verum  Hook.  F. 

llliciaceae 

Tarragon 

Artemisia  dracunculus  L. 

Asteraceae 

Thyme 

Thymus  vulgaris  L. 

Lamiaceae 

Cultivation  practices  and  post-harvest  processing 

A  host  of  variables  are  discernible  among  herbs.  They  are  very  succulents  (parsley, 
celery),  bulbous  (leek,  chives),  small  creepers  (marjoram,  thyme),  root  tuber  (horse 
radish),  hardy  shrubs  (rosemary,  lemon  thyme)  and  even  woody  tree  (bay  tree). 
Most  of  the  herbal  species  are  relatively  tolerant  plants  to  water-stress  and  pest 
attack.  They  survive  in  a  wide  range  of  soil  types  but  well  drained  sandy  soil  is  ideal 
for  better  performance  of  these  spices.  Cultivation  of  herbs  is  much  like  the 
cultivation  of  other  plants.  They  are  to  be  hoed  and  weeded  undl  they  get  a  good 
start.  Once  they  are  established,  they  will  usually  proliferate  so  well  that  further 
weed  growth  will  be  suppressed.  Most  herbs  grow  well  from  seed.  However,  herbs 
such  as  purple  and  golden  sages  and  french  tarragon  do  not  produce  seed.  Annual 
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herbs  and  those  that  cannot  survive  their  winter  surroundings  are  propagated  by 
seeds  sown  in  April,  early  May  or  whenever  the  ground  is  warm  enough.  Some 
perennial  herbs  can  be  propagated  by  pulling  them  up  and  dividing  the  roots  and 
planting.  Common  varieties,  agronomy,  fertilizer  requirement,  cultural  practices, 
major  diseases  and  pests,  post-harvest  processing  and  uses  of  important  herbal 
spices  are  consolidated  (Table  2). 

Basil  ( Ocimum  basilicum  L.)  (Family:  Lamiaceae):  It  is  a  native  of  southern 
Asia  (India  and  China),  Iran  and  Middle  East.  Basil  is  a  tap  rooted  tender  annual 
herb.  The  cultivated  types  are  ‘Sweet’  ‘Comoros’. 

Basil  is  to  be  cultivated  in  a  well  drained  fertile  loamy  soil  in  warm  wind  sheltered 
sunny  areas.  It  is  propagated  through  seeds.  The  seed  rate  is  about  2kg/ha.  The 
germination  occurs  after  10-14  days  and  the  seedlings  are  to  be  pinched  to  check 
flowering  and  to  ensure  a  spreading  bushy  habit.  The  plants  require  relatively  large 
quantities  of  nitrogen  (80kg  at  sowing,  60kg  during  growth  period  and  60  after 
each  cutting),  100kg  of  P,0_  and  100kg  K20  kg/ha.  The  yield  is  estimated  to  be 
about  13-14  tonnes  of  herbage  per  hectare. 

Harvesting  can  be  started  three  months  after  planting  and  should  be  before  the 
flowers  appear.  Quick  drying  should  be  allowed  by  spreading  in  shady  places  on 
wire  mesh.  Oven  drying  is  not  satisfactory  since  the  leaves,  which  are  easily  bruised, 
get  scorched.  When  dried,  the  leaves  turn  brownish-green,  whole  and  broken, 
brittle,  curled  or  folded  together.  Dried  leaves  and  tender  four  sided  stems  of  this 
plant  are  used  as  a  spice  for  flavouring  and  to  recover  essential  oil.  The  quality  of 
dried  basil  can  be  preserved  for  two  years  in  air-tight  packages  at  room  temperature. 
Plant  yields  0.15%  oil  on  steam  distillation,  the  main  constituents  being  estragol, 
eugenol,  lmeol  and  linalol. 

Bay  ( Laurus  nobilis  L.)  (Family:  Lauraceae):  The  bay  tree  is  native  to  the 
shores  of  Mediterranean  region  and  Asia  Minor.  Though  bay  is  considered  as  a 
herb,  it  is  an  evergreen  attractive  tree  growing  from  15-20m  depending  on  the 
type  of  soil.  It  is  highly  branched  and  thickly  covered  with  many  leaves  (laurel 
leaves)  which  are  the  useful  part. 

Bay  prefers  a  rich  and  well  drained  soil  for  its  growth.  The  selected  areas  should 
receive  adequate  sunlight  and  be  protected  from  wind.  Since  seeds  do  not  germinate 
readily,  cuttings  (10-1 5cm  long)  are  to  be  taken  in  early  summer  for  planting.  The 
bottom  leaves  of  cutting  are  to  be  stripped  by  leaving  two  thirds  of  the  bar  stalk. 
This  is  to  be  kept  for  almost  one  year  before  field  planting.  Layering  can  also  be 
practised.  Bay  is  generally  not  cultivated,  but  hand-picked  from  wild  bushes. 

/Bay  leaves  contain  1-3%  highly  aromatic  volatile  oil  whose  principal  constituent 
is  cineol.  Leaves  are  harvested  by  manual  picking,  early  in  the  day.  To  retain  the 
natural  green  colour  of  the  leaves  they  are  dried  in  thin  layers  in  trays  kept  in  a 
moderately  warm  and  sheltered  place.  The  leaves  are  pressed  lightly  under  boards 
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to  avoid  curling  off.  Both  colour  and  essential  oils  are  lost  if  leaves  are  dried  in  the 
sun.  It  takes  12-15  days  for  complete  drying.  Then  dried  leaves  are  packed  in  air¬ 
tight  containers.  Its  taste  is  bitter  and  aromatic  with  something  of  both  vanilla  and 
numeg.  It  is  most  popular  in  French  cuisine  and  is  used  with  meat,  fish,  vegetable, 
soup  etc.  Pharmaceutically  they  are  reputed  to  be  stomachic,  stimulant,  astringent 
and  narcotic. 

Caraway  ( Carum  carvi  L.)  (Family:  Apiaceae) 

Caraway  is  native  to  North  and  central  Europe  and  is  extensively  cultivated  in 
many  of  the  European  countries.  In  India,  it  grows  wild  in  North  Himalayan  regions 
and  is  cultivated  in  the  plains  during  winter  and  in  the  hills  of  Kashmir  and  Kumaon 
(Uttarakhand)  as  summer  crop.  Caraway  ( Carum  carvi)  belongs  to  umbellifereae 
and  the  spice  is  known  by  the  country  of  origin-Dutch,  English,  Mogador  etc. 

The  plant  has  a  fleshy  root  and  slender  branched  stem  having  height  of  over 
half  a  meter.  The  leaves  are  pinnate  and  the  compound  umbel  bears  small  white 
flowers.  The  ripe  fruits  split  into  small  elongated  carpels  which  when  dried  is 
brown  in  colour  with  a  pleasant  aromatic  odour.  Seeds  are  hard  and  are  free  from 
stalk  ends.  The  seeds  on  steam  distillation  yield  4-6%  aromatic  oil  which  is  in 
greater  use  in  medicine.  Bacterial  umbel  blight  ( Erwima  sp.,  Pseudomonas  sp.  and 
Xanthomonas  sp.)  and  seed  pathogens  ( Pensporiopsis  melioloides,  Scelerotiana, 
Fusarium )  are  the  major  diseases. 

The  fruits  are  collected  before  ripening  or  else  it  may  fall  off  during  harvesting. 
The  plants  are  dried  before  threshing  out  the  fruits.  Seeds  are  used  for  distillation 
of  oil.  The  constituents  of  caraway  oil  are  ketone,  carvone,  di-limonene  etc. 

In  culinary,  caraway  seed  is  used  widely  as  a  spice  and  in  confectionery  for 
flavouring  bread,  biscuits,  cakes  and  cheese.  Medically,  it  is  a  mild  stomachic  and 
carminative,  also  used  in  treatment  of  hook  worm  diseases  and  scabies.  As  a 
flavouring  it  is  used  for  overcoming  unpleasant  odour  and  for  scenting  of  soaps. 

Horseradish  (Armor acia  rusticana  P.Gaertn.  B.  Meyer  et  scherb)  (Family: 
Brassicaceae  (Cruciferae) 

As  a  native  of  mud  swamp  lands  of  southern  Europe  and  western  Asia, 
horseradish  is  a  hardy  perennial  growing  to  60cm.  This  herb  has  large  dark-green 
leaves  which  are  wavy  indented  and  resembles  spinach.  They  almost  push  up  through 
the  soil.  The  tap  root  is  white  or  buff  coloured,  about  30cm  long  and  12mm  thick 
with  several  swollen  roots  branching  out  from  it  at  different  angles.  The  roots 
when  scrapped  or  bruised  emit  their  characteristic,  highly  pungent  penetrating 
odour  plus  volatile  oil  that  may  cause  tears  to  flow.  The  flowers  are  small,  white 
and  are  borne  on  a  stalk.  They  are  numerous  in  number  and  aromatic.  The  fruit 
pods  are  short,  oblong  and  crinkled,  but  frequently  fail  to  mature  or  contain  viable 
seed. 
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Two  varieties  of  horseradish  are  noticed.  They  are  common  type  with  broad, 
crinkled  leaves  having  high  quality  roots  and  Bohemian  with  narrow,  smooth  edged 
and  with  inferior  quality  roots.  Horseradish  can  be  successfully  grown  in  deeply 
worked  medium  textured  soil  with  high  organic  matter  and  rich  in  potash.  Shallow 
sub  soils,  poor  and  dry  soils  are  to  be  avoided  as  they  do  not  permit  satisfactory 
development  of  tap  root  and  feeders.  The  plant  rarely  flowers  and  produces  seeds. 
Hence  the  propagation  is  to  be  done  through  root  cuttings  of  5-8cm  long.  Furrows 
of  10-1 5cm  deep  may  be  prepared  and  the  cuttings  are  to  be  planted  at  a  distance 
of  60cm  In  a  slanting  position  at  an  angle  of  30°-45°  accession  and  the  lower  end 
of  each  cutting  should  be  covered  with  soil.  It  is  advisable  to  grow  horseradish  in 
a  distant  and  less  formal  place  in  the  garden  as  it  grows  out  of  control.  Once  it  is 
strongly  grown  in  an  area,  it  is  very  difficult  to  completely  eradicate  the  plant  as 
the  smallest  piece  of  root  will  grow  again.  Leaf  blight  caused  by  the  fungus 
Colletotrichum  gloeosporioides  is  the  major  disease.  Root  rot  and  wilt,  brittle  root 
and  viral  infection  are  the  other  diseases  reported. 

The  estimated  yield  is  about  two  tonnes  of  marketable  radish  per  hectare.  Fleshy 
roots  are  highly  pungent  with  penetrating  odour  and  volatile  oil.  Several  days  before 
harvest  the  plants  are  cut  to  the  ground.  Roots  are  lifted  by  digging  or  ploughing. 
The  crowns  and  roots  are  collected  and  cleaned  from  soil.  The  straight  lateral 
roots  are  preserved  for  planting.  Roots  to  be  marketed  are  trimmed,  washed  and 
packed.  They  are  never  exposed  to  light  for  then  they  will  turn  green  which  is 
undesirable.  The  roots  are  dried  in  an  oven  at  100°C.  When  they  turn  bntde  they 
are  brought  out  and  stored.  Dehydrated  horseradish  is  prepared  by  removing  94% 
of  moisture  and  made  into  granular  form. 

The  main  constituents  are  sinignn,  vitamin  C,  asparagin  and  resin.  It  is  a  piquant 
condiment  used  in  the  preparation  of  fish  pickling,  roast  beef  and  in  sauce  and 
vinegar.  In  medicine  it  is  used  as  a  stimulant,  antiseptic,  diuretic,  aid  to  digestion, 
remedy  for  worms,  expectorant  and  in  treatment  of  scurvy,  lung  and  urinary 
infections,  gout  and  rheumatism  and  as  a  poultice  of  root  to  insect  bites. 

Hyssop  ( Hyssopus  officinalis  L.)  (Family  Lamiaceae) 

Originated  in  South  Europe  and  from  there  spread  to  Middle  East.  It  grows 
wild  in  countries  bordering  the  Mediterranean.  It  is  cultivated  in  Europe,  particularly 
in  southern  France.  In  India,  it  is  successfully  grown  in  Baramulla  (1675m  msl)  in 
Kashmir. 

It  is  a  medium  sized  aromatic  hardy  perennial  shrub  30-60cm  high.  The  branches 
are  erect  or  diffuse  with  linear,  sessile  leaves.  Flowers  are  formed  in  auxiliary  tufts 
arranged  unilaterally  on  terminal  branches.  The  nutlets  are  dark-brown,  narrow, 
trigorous  and  constitute  the  condiment  or  spice. 

Hyssop  grows  in  varied  soil  conditions  but  prefers  direct  sunlight.  Propagation 
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is  either  using  seedlings  or  division  of  the  roots.  For  raising  seedlings,  seeds  are 
sown  in  well  drained,  chalky  soil  mixed  well  with  lime.  Germinate  within  a  week 
and  once  the  seedlings  are  large  enough,  they  can  be  transplanted  into  open  field. 
In  order  to  propagate  through  roots  division,  first  the  root  zone  of  mature  plant 
should  be  moistened  and  loosened,  lift  the  root,  pulling  them  apart  gently  by  using 
garden  forks.  When  young  plants  are  about  45cm  tall,  they  may  be  cut  back  to 
encourage  new  sprouts.  The  leaves  should  be  cut  shortly  before  the  plants  begin  to 
flower,  when  they  have  the  greatest  concentration  of  natural  oils. 

It  contains  volatile  oil,  fat,  sugar,  choline,  tannins,  carotene  and  zanthophyll. 
The  tops  contain  ursolic  acid.  A  glucoside  diosmin  which  on  hydrolysis  yields 
rhamnose,  glucoside  and  the  aglucone  diosmetin  have  also  been  isolated.  It  yields 
a  greyish-green  dye.  When  harvested  just  after  the  blossoms  open,  maximum  oil 
yield  is  obtained  from  the  plant. 

Hyssop  is  used  as  a  condiment  as  well  as  in  medicine.  Its  leaves  and  flowering 
top  have  an  agreeable  aromatic  odour  and  a  warm  pungent  taste.  Used  mostly  for 
salads  and  soups  and  also  for  flavouring  liquor  and  perfumes.  In  medicine,  it  is 
considered  a  stimulant,  carminative  and  pectoral  and  used  against  cold,  coughs, 
asthma  and  lung  complaints.  Its  oil  is  also  used  with  tonics,  french  liquors,  perfumery 
and  in  veterinary  medicine. 

Marjoram  ( Origanum  marjoram  L.)  (Family:  Laxiaceae) 

It  is  believed  that  Marjoram  was  grown  first  in- Mediterranean  regions.  It  is  a 
herbaceous  annual  and  grows  to  a  height  of  30-50cm.  The  stem  is  branched, 
lower  parts  are  woody,  haired  and  the  upper  glabrous  with  opposite  and  pubescent 
leaves.  They  are  oval,  narrow  with  a  rounded  apex  carried  on  a  short  petiole.  The 
pinkish-white  flowers  are  small,  formed  in  branched  clusters.  The  fruit  consists  of 
a  four  sectioned  nutlet. 

Marjoram  is  propagated  by  seeds.  The  seeds  are  delicate,  small  and  slow  to 
germinate.  They  are  to  be  sown  indoors  to  avoid  direct  sunlight.  The  seedlings 
when  ready  can  be  transplanted  in  rows  at  20  x  20cm  apart.  New  shoots  8cm  long 
may  be  taken  when  leaves  are  mature  and  planted  in  a  pot  containing  good  potting 
mixture.  After  rooting,  they  can  be  planted  in  the  field  leaving  at  least  30cm  between 
plants.  A  balanced  dosage  of  fertilizers  (N  :  P2O5 :  K20  :  150  :  150  :  150kg/ha)  is 
recommended.  Replanting  is  to  be  carried  out  after  every  three  to  four  years.  Leaf 
blight  ( Colletotnchum  gloeosporioides)  and  leaf  spot  ( Phoma  sp.)  are  the  major 
diseases. 

The  dried  leaves  of  marjoram  with  or  without  flowering  tops  in  small  proportion 
constitute  the  spice  of  commerce.  The  flavour  is  fragrant,  spicy,  slightly  sharp, 
bitterish  and  camphoraceous.  The  first  harvest  of  leaves  and  tender  tops  of  marjoram 
is  done  just  as  flowering  commences.  Plants  are  cut  5-8cm  from  the  ground  and 
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under  favourable  conditions  a  second  cutting  may  be  made.  The  harvested  leaves 
are  thoroughly  dried  carefully  in  shade  and  stored  as  soon  as  possible.  On  steam 
distillation,  the  dried  leaves  and  flowering  tops  yield  0.2— 0.8%  essential  oil. 

Mint  and  pepper  mint  (Mentha  arvensis  L.  and  M.  piperita  L.) 

Mints  are  the  best  known  herbs.  They  are  indigenous  to  Mediterranean  region 
and  Europe.  They  are  hardy  and  perennial  and  have  rhizomes  and  stolons  which 
are  formed  on  maturity.  Mentha  piperita,  M.  viridis  (Mentha  spicata )  or  spear  mints 
and  M.  arvensis  are  the  main  species  cultivated. 

Mint  and  peppermint  can  be  successfully  cultivated  in  deep  loam  soils  rich  in 
organic  matter  having  a  pH  of  6-7.  The  soil  should  be  well  drained  with  good 
water-holding  capacity  as  water  stagnation  is  not  good  for  the  plants.  They  can  be 
grown  either  in  the  open  or  in  partial  shaded  conditions  and  require  weeding  in 
the  early  periods  of  growth.  As  these  herbs  rarely  produce  seeds,  propagation  is 
done  mainly  by  divisions  of  stolons  or  easily  through  rooted  cuttings.  They  are  laid 
end  to  end  in  furrows,  5cm  deep  and  60cm  apart  and  covered  with  soil.  Mint 
consumes  lot  of  potassium.  Fertilizers  containing  150  :  100  :  80kgs  of  K20,  P205 
and  nitrogen  per  hectare  recommended.  In  the  first  year  the  rows  retain  their 
identity  and  subsequently  the  plants  will  spread  over  the  field.  Replanting  is  necessary 
after  four  to  five  years  of  growth.  Depending  on  age,  soil  fertility  etc.,  the  yield 
varies  from  5-15  tonnes/ha.  In  M.  piperita  rust  ( Puccinia  menthae),  blight 
(. Rhizoctonia  solani),  Leaf  spot  (Fusanum  oxysporium )  and  viral  diseases  are  reported. 
F.  oxysporum  is  the  major  disease  of  M.  arvensis. 

Mint  and  peppermint  are  mainly  cultivated  for  their  essential  oils  which  is  around 
0.5%.  Menthol  is  the  chief  constituent  of  essential  oil.  As  a  fresh  herb,  leaves  are 
stripped  whenever  required.  The  whole  shoots  are  cut  and  made  into  bundles  for 
marketing.  The  shoots  are  cut  as  close  to  the  ground  as  possible,  freshly  cut  herb  is 
left  in  the  field  for  2-4  hours  during  sunny  weather  and  this  dried  herbage  is 
further  dried  in  small  bundles  in  shade  till  its  weight  gets  reduced  to  1/3 — 1/4  of  its 
original,  taking  care  that  the  leaves  do  not  get  crisp.  The  crop  should  not  be  heaped 
for  drying  in  the  sun  as  it  is  reported  to  result  in  reduction  of  oil  yield  by  20-25%. 
Essential  oil  is  extracted  by  steam  distillation. 

Parsley  ( Petroselinum  crispum.  Millan  Nyman  ex.  A.W.  Hise) 

(Family:  Apliaceae) 

It  is  a  native  of  North  and  central  Europe.  Parsley  is  a  fragile  plant  with  a  white 
tap  root  and  branched  striated  cylindrical  stem.  The  leaves  are  three  pinnate  with 
oval  lobes,  basal  ones  being  narrower  than  the  apical  and  with  a  dentated  or  incised 
margin.  The  flowers  are  grouped  in  compound  umbels  of  ray  florets.  The  fruit  is 
ovoid,  small,  ribbed  diachemium. 
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Parsley  requires  a  little  shaded,  moist,  deep  loamy  fertile  soil  for  its  cultivation. 
Fresh  seeds  are  to  be  sown  outdoors  in  early  summer  in  shallow  hills,  25cm  apart 
under  1mm  soil.  The  bed  must  be  watered  regularly  to  ensure  proper  germination. 
The  seed  rate  is  3-5kg  per  ha.  The  plants  are  to  be  thinned  to  15-20cm  apart.  The 
flowering  stem  arising  in  the  second  season  is  to  be  removed  for  more  vegetative 
growth.  Major  pest  of  the  crop  is  Septoriosis  ( Septoria  petroselini),  the  carrot  fly 
and  the  celery  fly.  Leaf  yellowing  due  to  nematodes  is  also  noticed. 

Parsley  leaves,  in  general,  are  used  in  a  fresh,  green  condition.  The  characteristic 
flavour  and  green  colour  can  be  retained  if  leaves  are  dried  rapidly  at  120°C  in 
oven. 

Rosemary  (Rosmarinus  officinalis  L.)  (Family:  Lamiaceae) 

There  are  many  species  with  different  chemical  composition,  specific  to  different 
origins  but  lack  any  advanced  selection.  It  is  native  to  Mediterranean  island  of 
Corsica  and  Sardina.  It  is  an  evergreen  sub  shrub  growing  to  about  2m  with  twisted 
stem  and  a  tap  root.  The  angular  branches  are  slender,  brittle  and  the  bark  peels  of 
in  strips.  The  leaves  are  opposite,  sessile,  leathery,  linear,  entire  and  slightly  glossy 
green  on  top  and  silver  stripped  underneath  with  backward  curling  margin.  The 
flowers  are  united  in  spikes  at  the  top  of  branches.  They  are  also  aromatic.  The 
fruit  is  an  oval  four  sectioned  cremocarp. 

Rosemary  prefers  a  well  drained  calcareous  soil  and  is  to  be  grown  under  full 
sun  and  sheltered  from  wind.  The  propagation  can  be  done  either  by  rooted  cuttings, 
layerings  or  by  seeds.  When  the  seedlings  are  about  8-1  Ocm  long,  they  may  be 
transplanted  into  the  field  leaving  60cm  between  plants.  If  cuttings  are  used,  they 
are  to  be  taken  in  early  summer  from  a  mature,  flower  free  shoot.  They  are  to  be 
planted  1 ,2m  apart  and  45cm  between  plants  in  a  row.  Fertilizing  is  similar  to  that 
of  thyme.  Rosemary  can  last  for  about  25-30  years.  But  to  maintain  thickness, 
pruning  or  trimming  is  to  be  done  once  or  twice  each  season. 

Fresh  leaves  and  tender  tops  are  distilled  to  produce  0.5— 1.5%  essential  oil.  Its 
main  constituents  are  cineol,  borneol,  menoterpene-linalol  and  verbenol.  Narrow 
aromatic  leaves  are  dried  and  used  as  a  fragrant  seasoning  herb.  If  leaves  are  to  be 
used  for  culinary  purpose,  they  must  be  dried  immediately  after  harvest  to  avoid 
loss  of  essential  oils.  When  dried  carefully  on  trays  in  dark  ventilated  place,  leaves 
retain  their  green  colour  and  has  bitter  sweet  flavour. 

Sage  ( Salvia  officinalis  L.)  (Family  :  Lamiaceae) 

Sage  is  native  to  the  Mediterranean  shores.  Three  sub  species  are  commercially 
important— S.  officinalis  ssp.  major  (Dalmatian),  lavandulifolia  (Spanish)  and  triloba 
(Greek).  It  is  an  evergreen  sub-shrub  and  reaches  an  average  height  of  one  metre. 
The  tap  root  is  branched  and  woody  and  from  which  square  stem  develops  with  a 
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number  of  whitish-wooly  haired  small  branches.  The  leaves  are  opposite  and  elliptic. 
They  are  pale-green  in  colour  when  they  first  appear  and  later  become  soft  silvery- 
grey  at  the  top  and  whidsh  at  underneath.  The  flowers  are  in  whorls.  The  fruit  is 
an  ovoid,  four  sectioned  nutlet. 

Better  performance  is  obtained  if  it  is  cultivated  in  well  drained  calcanous  soil 
under  full  sunlight  conditions.  It  is  seen  to  suffer  hard  winters  by  losing  leaves  but 
grow  again  in  spring.  Sage  is  propagated  from  seed.  They  are  to  be  sown  in  prepared 
seed  box  and  when  seedlings  reach  to  a  height  of  about  20cm  they  can  be  planted 
in  the  field  leaving  60cm  between  plants.  Fertilization  is  similar  to  thyme  but  after 
the  first  cutting,  50kgs  of  supplementary  nitrogen  should  be  added.  Powdery  mildew 
(. Erysiphe  polygomi)  and  wilt  ( Rhizoctonia  solani )  are  the  major  diseases.  The  first 
year  yield  is  very  low  and  in  the  second  and  subsequent  years  an  yield  of 
1.7-2.3tonnes/ha  of  dried  leaves  can  be  expected. 

Top  20cm  of  growth  is  cut  just  before  flower  spikes  are  produced.  Careful 
shade  drying  should  be  practised  for  6-7  days  to  preserve  volatile  oil  and  normal 
green  colour  of  the  leaves.  The  dried  leaves  should  be  stored  in  air-tight  containers. 
Sage  will  not  reabsorb  moisture  after  drying. 

Tarragon  {Artemisia  dracunculus  L)  (Family:  Asteraceae) 

Tarragon  is  native  to  the  Mediterranean  countries,  and  has  long  been  popular 
in  continental  cookery.  The  cultivated  types  are  Sativa  (French)  and  Redovsky 
(Russian)  varieties.  It  is  a  hardy  perennial  herb  growing  to  75-90cm  It  grows  well 
in  moist-temperate  climate  although  it  does  the  best  in  warm  and  well  drained 
light  soils  in  a  sunny  location.  Since  tarragon  does  not  produce  fertile  seed,  the 
propagation  is  mainly  by  cuttings  or  root  divisions.  Stem  cuttings  of  about  10cm 
long  including  a  portion  of  the  heel  at  the  base  are  to  be  taken  for  planting  in  a  pot 
leaving  about  5cm  cutting  above.  Roots  will  establish  later  and  they  can  be  planted 
in  the  field  30cm  apart.  The  plant  dies  away  to  the  ground  during  winter  period 
and  new  shoots  appear  in  the  spring  from  creeping  root  system.  At  this  stage,  5cm 
long  pieces  of  main  shoot  along  with  a  new  shoot  can  be  cut  and  planted  in  the 
field.  These  rooted  cuttings  will  grow  to  about  45cm  within  two  months.  Tarragon 
is  to  be  kept  irrigated  during  dry  weather  conditions.  Tarragon  is  susceptable  to 
diseases  such  as  brown  rot  (Puccinia  dracuncuha )  and  also  infected  by  fungi 
{Rhizoctonia  solani  and  Phoma  sp.).  Leaf-hoppers  {Philaenus  spumans)  also  attack 
the  herb. 

Tarragon  can  be  cut  for  flavouring  at  any  time.  To  dry  leaves  for  winter  use,  cut 
the  stems  10cm  from  the  ground  in  early  summer  and  again  in  early  fall.  Lay  them 
flat  or  hang  them  in  loose  bunches  in  a  dark,  airy  place;  when  dry,  crumble  the 
leaves  and  store  in  an  air-tight  container. 
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Thyme  ( Thymus  vulgaris )  (Family:  Lamiaceae  (Labiatae) 

Thyme  is  indigenous  to  Mediterranean  lands.  Apart  from  one  hundred  known 
varieties,  many  hybrids  are  also  available.  They  grow  to  15— 40cm,  and  have  very 
small,  greyish-green  leaves  which  are  joined  to  thin  stalks  projecting  in  an  angular 
fashion  from  hard  woody  stem  that  forms  an  erect,  bushy  plant.  It  does  not  thrive 
well  in  soils  that  are  too  wet  or  rich.  It  can  be  propagated  by  seeds  or  cuttings.  The 
seedlings  are  to  be  thinned  later  to  about  15cm  between  plants.  The  transplanting 
may  be  done  carefully  as  it  resents  root  divisions.  Cuttings  of  10cm  long  may  be 
taken  up  for  planting  in  late  spring  and  kept  in  a  pot  of  good  potting  mixture  and 
watered.  Once  roots  are  formed,  they  can  be  planted  in  the  field  90  x  30cm  apart. 
A  fertilizer  dose  of  100  :  100:  lOOkg/ha  is  recommended.  The  leaves  can  vary  in 
shape  from  elliptic  to  linear  to  diamond-shaped  towards  the  apex.  The  fibrous 
roots  are  fairly  robust  and  wdody.  The  flowers  appear  in  whorls  at  the  tips  of 
branches  and  are  pinkish-white.  The  fruit  of  thyme  consists  of  a  smooth,  dark- 
coloured  four  sections  nutlet.  Thyme  needs  to  be  replanted  after  every  three  years 
or  so  that  they  become  woody  with  age  and  start  to  die  down.  Two  to  three  harvests 
can  be  made  every  year  and  the  yield  ranges  from  1—1.5  tonnes/ha.  Some  cultivars 
are  prone  to  damage  caused  by  pests  like  Empoasca  vitis,  Cassica  sp.  etc.  Thyme  is 
affected  by  Rhizoctonia  solani  causing  wilt  of  the  plant. 

Thyme  is  used  both  as  fresh,  dried  whole  and  grounded  forms,  it  contains 
essential  oil  1%.  Thymol-,  a  phenol,  is  the  major  constituent  of  this  essential  oil. 
The  herbage  is  gathered  when  plants  are  in  full  bloom.  Flowering  tops  are  clipped 
together  with  parts  of  leafy  stem.  It  is  then  shade-dried  to  preserve  the  greyish- 
green  colour.  The  dried  leaves  are  curled  and  usually  not  longer  than  6-7 mm. 

Upkeeping  quality,  packing  and  uses 

The  part  to  use  varies  from  one  herb  to  another,  such  as  root  (horse  radish), 
stem  (sweet  marjoram),  leaf  (bay,  oregano,  mint,  parsley,  thyme,  tarragon),  flower 
(hyssop)  and  seed  (caraway,  anise,  poppy).  The  intrinsic  quality  of  herbs,  i.e.  the 
aroma  and  flavour,  is  due  to  essential  oils  and  other  constituents.  The  type  and 
intensity  of  these  constituents  vary  with  individual  herb.  The  essential  oil  content 
is  very  low  in  many  of  the  herbs  which  varies  from  0.15  (parsley)  to  3  (bay  leaf)%. 
The  essential  oil  content  in  turn  depends  on  factors  like  nutrition,  growing 
conditions,  stage  of  harvest,  harvesting,  methods  of  drying  and  conditions  like 
temperature,  light  and  humidity  during  drying  and  storage.  Knowledge  of  these 
factors,  which  vary  with  individual  herb,  is  very  essential  to  maintain  commercial 
quality. 

Air-drying  by  hanging  under  shade  or  keeping  at  hot  surfaces,  steaming  followed 
by  sun-drying,  oven  drying  at  controlled  temperature,  storing  under  refrigerated 
condition  (deep  freezing)  in  plastic  containers,  cleaning  etc.,  are  some  of  the 
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common  post-harvest  processing  practices  adopted  for  these  herbs.  The  recovery 
per  cent  of  these  spices  on  drying  varies  from  20  (horse  radish)  to  7  (basil).  Moisture 
content  level  is  optimum  at  6%.  Many  equipments  are  used  for  cleaning  these 
herbs  as  cleanliness  specifications  are  very  stringent. 

Herbs  are  used  mainly  for  natural  living,  nutrition  and  health  healing  and 
gardening.  The  fresh  herbs  are  preferred  for  culinary  use.  As  soon  as  they  are 
harvested,  the  produce  is  cleaned  and  packed  in  baskets  and  transported  at  the 
earliest  since  their  storage-life  is  very  short.  Hence,  dehydration  or  freeze  storing 
is  essential.  It  is  also  needed  for  meeting  the  off-season  requirement.  Vacuum 
sealed  packing  or  use  of  air-tight  dark  containers  with  50-250g  net  weight  is  ideal 
for  herbs.  Packing  in  glass  bottles  with  sprinkler  system  is  also  preferred  for 
dehydrated  powdered/semi-powdered  herbs.  Repacking  after  one  month  enhances 
shelf-life  for  flavour.  Storing  is  to  be  done  in  a  cool  place  in  dark  cupboards  as 
light  destroys  the  essential  oils.  Frequent  opening  of  storage  jars  is  to  be  avoided  or 
else  the  absorption  of  atmospheric  moisture  and  deterioration  will  be  quick. 

The  spices  are  widely  used  in  food  preparations,  cosmetic  and  beauty-aid  and  in 
medicine.  In  cuisine  they  are  mainly  used  for  flavouring  many  dishes,  salads,  sauces, 
soups,  vinegars,  juices,  butter,  sweets,  salt,  sugar,  jellies,  tea,  wines,  chutmes,  cheeses, 
breads,  biscuits  etc.  They  figure  in  a  number  of  cosmetics,  viz.  soap,  hair  tonic, 
face  cream,  shampoo,  chewing  gum,  tooth  paste,  nail  polish,  lipstick,  body  freshener, 
deodorants,  mouth  washes,  aftershave  lotion,  candies,  perfumes,  toilet  preparations 
etc.  as  aromatic.  Their  pharmaceutical  properties  are  as  expectorant,  antispasmodic, 
carminative,  chlorotic,  hypotensive,  antiseptic,  diuretic,  stomachic,  skin  tonic  and 
appetite  stimulant. 

Herbs  can  also  be  developed  in  garden  by  planting  in  hedges,  edgings,  rows, 
pavements,  paths  and  lawns  and  for  ground  cover,  as  also  as  decorative  foliage 
plants,  flowering  plants  etc.  Their  use  in  making  of  renowned  ‘pot-pourri’  is  also 
well  known. 
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Breadfruit 

(Artocarpus  altilis  Postperg) 

S  Thamburaj 

Origin,  distribution  and  botany 

The  genus  Artocarpus  containing  about  50  species  is  native  to  South-East  Asia. 
It  is  a  staple  food  plant  in  several  Pacific  Islands.  The  starchy  fruits  are  eaten 
roasted,  steamed,  baked  and  some  times  made  into  dough.  Fruits  can  also  be 
preserved  by  desiccation  as  fermented  paste. 

The  breadfruit  is  native  of  Malaysia.  In  India,  it  is  cultivated  in  southern  regions 
chiefly  on  west  coast  and  western  ghats  of  Nilgins  comprising  of  lower  Palani  hills, 
Wynad,  Courtallam  and  in  Annamalais.  The  fruits  of  the  seedless  bread  fruit  contain 
a  high  amount  of  carbohydrates  (27.98%).  It  is  rich  in  calcium,  and  a  fair  source  of 
vitamin  A  and  B  but  poor  in  vitamin  C.  It  is  said  to  have  been  served  as  a  staple 
food  as  bread  for  Bndshers  and  hence  the  name  bread  fruit.  In  south  India,  it  is 
mainly  used  for  culinary  purposes.  Besides  the  nutritious  fruit,  the  milky  juice 
from  the  tree  may  be  used  as  sealing  material  for  making  the  boats  air-tight,  wood 
for  buildings  and  leaves  as  livestock  feed. 

All  the  three  species  of  Artocarpus,  viz.  A.  altilis  (Breadfruit),  A.  integar 
(chempedak)  and  A.  haterophyllus  (Jack)  are  basically  diploids  (2n=2x=56).  In 
addition,  tnploidy  is  also  common  among  seedless  breadfruit  clones. 

The  breadfruit,  because  of  its  multiple  uses  must  have  attracted  man’s  attention 
very  early.  The  crop  demonstrated  in  the  eastern  part  of  Archipelago  may  be  assumed 
to  be  accompanied  (along  with  coconut,  bananas  and  aroids)  the  human  migrations 
that  peopled  Oceana  1000-2000bc.  There,  it  became  a  staple  food  plant  and  local 
selection  isolated  a  larger  number  of  clones,  many  of  them  seedless.  The  plant  is 
monoecious,  but  dicloinous,  bearing  separate  male  and  female  inflorescence  on 
specialised  laterals. 

Climate  and  soil 

The  fruit  can  be  grown  right  from  sea  level  to  900m  and  requires  a  warm  humid 
topical  climate  and  plenty  of  rainfall.  In  general,  the  breadfruit  requires  an  annual 
rainfall  ranging  from  2, 400-3, 000mm.  The  optimum  temperature  is  15.5°-37°C 
with  humidity  of  70-80%. 
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A  high  humus  content  coupled  with  high  fertility  is  the  requisite  of  a  suitable 
soil  for  cultivation  of  breadfruit.  Lateritic  red  loams  found  in  west  coast  and  western 
ghats  are  ideal  for  breadfruit.  Good  drainage  of  the  soil  is  essential  and  lack  of  it 
causes  stunted  growth  of  the  trees  and  premature  fruit  drop. 

Varieties 

The  breadfruit  has  not  been  accorded  with  any  significant  plant  breeding  effort 
or  even  clonal  selection.  There  are  no  named  varieties.  However  there  are  two 
distinct  types,  i.e.  seeded  and  seedless  and  they  do  not  differ  much  morphologically. 
The  seeded  type  is  not  used  in  culinary  preparation,  but  seeds  are  roasted  or  boiled 
and  consumed.  The  seedless  type  is  popularly  cultivated  and  is  believed  to  be  a 
‘sport’  of  the  seeded  variety  perpetuated  vegetatively  through  man’s  effort.  It  has 
no  seeds  but  a  mass  of  whitish-meaty  pulp  is  present.  In  Jamaica,  a  variety  ‘Yellow 
Heart’  is  grown  which  is  considered  to  be  the  best  among  all. 

Propagation 

Seeded  types  are  propagated  through  seeds.  Seeds  lose  viability  soon  and  they 
should  be  sown  immediately  after  extraction  from  the  fruit.  The  propagation  of 
seedless  varieties,  where  the  fruit  is  developed  due  to  stimulative  parthenocarpy,  is 
possible  through  root  cuttings  air  layering  of  root  suckers.  Root  cuttings  of  about 
2.5cm  in  diameter  and  22cm  long  should  be  planted  horizontally.  These  plants 
bear  fruits  in  about  6  years  as  against  8-10  years  needed  in  the  case  of  the  seeded 
varieties  raised  from  seedlings. 

CROP  PRODUCTION 

Pits  of  1.5m3  are  dug,  filled  up  with  farmyard  manure,  sand  and  soil  and  formed  a 
basin.  The  root  suckers  are  normally  planted  in  basins  with  a  spacing  of  12  x  12m. 
Horizontal  planting  gives  90%  success  whereas  it  is  only  40%  under  vertical  planting. 
The  tree  is  not  generally  manured.  The  natural  high  fertility  of  the  soil  in  the  areas 
where  it  grows  coupled  with  rich  alluvial  deposit  enables  the  tree  to  attain  optimum 
growth  and  to  produce  crop.  However,  application  of  farmyard  manure  at  20kg 
per  adult  tree  improved  the  growth  and  yield  of  fruit.  Shallow  interculture  in  and 
around  the  tree  basin  is  necessary  to  eradicate  weeds.  Deep  cultivation  should  be 
avoided  as  it  has  surface  roots.  It  may  induce  the  growth  of  sucker,  which  will  be 
useful  for  propagation.  Intercropping  in  the  alleys  of  breadfruit  tree  is  possible  in 
the  first  few  years.  In  humid  areas,  even  after  the  growth  of  the  trees,  crops  like 
ginger,  vanilla  which  require  shade  can  be  grown.  Pepper  and  vanilla  can  be  trained 
over  trees.  Calapogonium  muconoides  and  Peuraria  phaseoloides  which  are  shade- 
tolerant  makes  a  good  soil  cover  and  effective  against  soil  erosion. 
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Plant  protection 

No  serious  pest  and  disease  affects  bread  fruit.  Somedmes  fruits  suffer  from 
soft  rot  caused  by  the  fungus  Rhizopus  artocarpi  leading  to  rotdng  and  fruit  drop. 
Spraying  of  1%  Bordeaux  mixture  can  check  this  disease. 

Harvest  and  yield 

The  tree  starts  bearing  from  the  fifth  or  sixth  year  after  planting.  The  fruit  set 
can  be  improved  by  hand  pollinadon.  The  technique  of  hand  pollinadon  is  simple. 
The  female  inflorescence  emerges  from  bracts  usually  in  the  morning  between 
7.00— 10.00am.  The  individual  flowers  take  about  72hrs  for  opening  in  successive 
stages.  In  a  male  inflorescence,  the  pollen  remains  viable  for  10-15  days  after 
emergence.  A  male  inflorescence  is  taken  to  a  female  inflorescence  (receptive  three 
days  after  emergence)  and  the  pollen  is  transferred  by  gently  rubbing. 

The  individual  flowers  in  the  female  inflorescence  do  not  open  at  same  time,  so 
it  should  be  repeated  successively  4-5  days  for  effective  pollination.  Tree  starts 
bearing  from  5th— 6th  year  of  planting.  Fruits  are  ready  for  harvest  60-90  days 
after  emergence.  The  fruit  colour  turns  from  green  to  yellowish-green  at  maturity. 
The  fruits  should  be  harvested  before  ripening  for  culinary  purpose.  One  tree 
bears  50-100  fruits  weighing  25-50kg  annually.  The  fruit  is  liable  for  damage  if 
dropped.  Hence  a  long  pole  with  a  hook  at  its  tip  having  a  cloth  bag  at  the  base  of 
the  hook  should  be  used  for  harvesting  individual  fruits. 


Drumstick 

(Moringa  oleifera  Lam) 

S  Thamburaj 

The  Monngaceae  is  a  single  genus  family  with  14  known  species.  Of  these,  M. 
oleifera  Lam  (Syn:  M,  pterygosperma  Gaertn.)  is  the  most  widely  grown  and  utilized 
species.  It  is  commonly  called  ‘horse  radish’  tree  (arising  from  the  taste  of  a 
condiment  prepared  from  the  roots)  or  drumstick  (arising  from  the  shape  of  a 
pod),  or  ben  oil  tree  (arising  from  the  ben  oil  extracted  from  seed)  and  has  a  host 
of  other  country  specific  vernacular  names. 

Food  value  and  uses 

Drumstick  or  moringa  or  horse  radish  tree  or  radish  tree  or  west  Indian  ben 
( Moringa  oleifera  Lam)  is  one  of  the  most  popular  tree  vegetables  in  Indian 
households.  It  is  cultivated  in  home  gardens  and  fields  for  its  leaves,  flower  buds 
and  tender  fruits,  all  of  which  are  used  as  nutritious  vegetables.  It  is  highly  valued 
for  the  distinct  and  appealing  flavour  of  its  tender  fruits.  They  are  a  rich  source  of 
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protein,  minerals  and  vitamins.  Seed  is  said  to  be  eaten  as  peanut  in  Malaysia.  Seeds 
contain  an  oil  called  ben  or  behen  oil  which  has  been  much  used  for  illumination, 
soap  industry  and  highly  priced  for  lubricating  watches,  computers  and  other  delicate 
machinery  etc.  Seeds  contain  38-40%  of  a  non-drying  oil  which  is  clear  and 
odourless,  never  becoming  rancid.  It  is  edible  and  useful  in  the  manufacture  of 
perfumes  and  hair  dressings.  The  press  cake  remaining  after  oil  extraction  is  high 
in  saponin,  not  edible,  but  utilized  as  manure.  The  oil  cake  is  a  water  coagulant  and 
used  for  purifying  effluent  water  from  rivers,  ponds  and  shallow  wells  and  it  is 
used  as  organic  substitute  for  water  purifying  chemicals  such  as  ahiminium  sulphate 
(alum).  Wood  yields  blue  dye  and  yields  a  course  fibre. 

Origin  and  distribution 

Drumstick  is  an  indigenous  tree  native  to  the  African  tropics  and  North-West 
India  and  grows  wild  in  the  sub-Himalayan  tract  from  the  river  Chenab  eastwards 
to  the  Sardah  and  in  the  tarai  tract  of  Uttar  Pradesh.  It  is  widely  distributed  in 
India,  Sri  Lanka,  Burma,  Pakistan,  Thailand,  Malaysia,  Singapore,  Philippines,  West 
Indies,  Cuba,  Jamaica,  Egypt  and  Nigeria.  In  India,  it  is  commercially  grown  m 
Tamil  Nadu. 

Botany 

Monnga  oleifera  is  a  deciduous  tree  of  8-1 0m  height.  It  is  a  small  or  medium 
sized  tree  with  corky  bark  and  woody  and  brittle  stem.  The  roots  are  long  and 
pungent.  The  leaves  are  feathery,  trepinnate,  30— 60cm  long,  with  slender  raehis 
thickened  and  auriculated  at  base.  The  pinnae  and  pinnulae  are  opposite,  5  10 
pairs  with  trifoliate  upper  most  pair  and  with  hairy  gland  between  each  pair  of 
pinnae  and  pinnulae.  The  ultimate  leaflets  are  opposite,  6-9  pairs,  elhptic-ovate  or 
obovate,  pale  beneath,  entire  with  obscure  membranous  nerves. 

Flowers  are  white  or  creamy-white,  scented,  pedicelled  in  larger  spreading 
panicles  with  linear  bracts.  Calyx  contains  5  sepal,  lobed,  linear,  lanceolate,  reflexed 
and  tubular  outside.  Corolla  has  5  white  petals,  free,  narrowly  spathylate  and  veined. 
Stamens  are  yellow  and  five  in  number,  fertile  and  alternate  with  5-7  staminules. 
Filaments  are  villous  at  their  base.  Ovary  is  superior  on  a  short  gynophore,  3 
carpelled,  and  are  locular  with  many  bisenate  pendulous  ovules  on  3  pariental 
placentas.  Pods  are  30-1 20cm,  pendulous,  triangular  and  elongated  with  13  ovules, 
unilocular  capsules.  Pods  are  brown,  splitting  length-wise  into  3  parts  when  dry. 
Seeds  are  dark-brown,  big  and  usually  3  winged.  Zygomorphy  of  flowers  may  be 
due  to  particular  pollinators  used  in  this  aspect  and  it  is  akin  to  sub  family 
Caesalpinoideae. 

Floral  biology 

Anthesis  has  been  reported  to  commence  as  early  as  4.30am  and  continue  till 
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6.30am  with  a  peak  at  5.30am.  In  another  report,  it  is  stated  that  anthesis  time 
ranged  from  5am  to  9am  in  association  with  a  temperature  range  of  27.3°-29.3°C 
and  relative  humidity  of  68-78%.  The  anther  dehiscence  is  reported  to  occur  from 
4am  to  6.30am.  The  anther  of  longest  stamen  dehisces  first  followed  by  stamens  in 
the  descending  order  of  filament  length.  At  full  maturity,  the  anthers  are  greenish- 
yellow  and  after  dehiscence,  they  turn  to  pale  colour.  On  an  average,  each  anther 
has  7,400  pollens  and  the  diameter  of  each  pollen  measures  5.4  microns.  The 
stigma  becomes  receptive  a  day  before  flower  opening  and  continues  to  be  receptive 
on  the  day  of  opening.  Crop’s  pollination  occurs  through  honeybees.  Pollen  viability 
is  72%  at  anther  dehiscence.  The  fruitset  due  to  artificial  pollination  using  fertile 
pollen  may  go  even  upto  100%  while  it  is  only  11-15%  under  natural  pollination. 
The  chromosome  number  is  2n=28. 

Climate  and  soil 

It  is  a  tropical  plant  and  grows  well  in  the  plains.  However,  it  is  found  growing 
in  the  subtropical  climate  also.  It  is  predominantly  a  crop  of  dry  and  and  tract 
where  it  has  been  found  to  perform  well  with  higher  yields.  The  optimum 
temperature  for  better  growth  is  25°-35°C.  It  is  highly  susceptible  to  frost  and 
high  temperature  exceeding  40°C  causes  flower  shedding. 

Drumstick  is  not  very  exacting  in  soil  requirements.  It  grows  well  in  almost  all 
types  of  soils  except  stiff  clays.  However  sandy  loam  soils  containing  lime  is  best 
suited  for  its  cultivation.  The  crop  is  more  or  less  confined  to  sandy  soils  as  seen  in 
the  coastal  areas. 

Varieties 

The  following  are  few  locally  named  ecotypes  of  drumstick  cultivated  in  Tamil 
Nadu. 

Jaffna :  It  is  popular  drumstick  type  in  South  India  and  said  to  be  introduced 
from  Jaffna.  It  is  highly  suited  for  coastal  tracts  of  Tamil  Nadu,  Kerala  and 
Karnataka.  This  type  bears  long  pods  (60-90cm  in  length)  and  with  a  soft  flesh  of 
good  taste.  This  type  of  moringa  can  yield  400  pods  per  tree  per  year  from  the 
second  year  of  planting  which  increases  to  600  pods  from  the  third  year  of  planting. 

Moolanoor  murangai:  It  is  a  local  commercially  grown  in  Mulanoor  of  Erode 
district.  The  fruits  are  30-35cm  in  length  with  very  soft  flesh.  One  tree  yields 
about  500-600  fruits  per  year. 

Cbavakacberi  Murungai:  It  is  reported  to  have  been  introduced  from  a  place 
called  Chavakacheri  near  Jaffna.  It  is  an  ecotype  of  Jaffna  moringa,  which  bears 
pods  as  long  as  90-120cm.  Due  to  long  size  of  pods,  this  type  of  moringa  is  highly 
damaged  during  transportation  and  is  grown  mostly  in  home  gardens.  It  yields 
500-600  pods  per  tree  per  year. 
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Chemmurungai:  It  is  another  ecotype  of  Jaffna  moringa.  It  is  said  to  flower  and 
fruit  throughout  the  year  and  also  yields  heavy  crops  of  400-500  fruits  per  tree  per 
year.  The  tip  of  the  pod  is  red  in  colour. 

Palmurungai:  It  is  also  another  ecotype  of  Jaffna  moringa.  It  is  preferred  for  its 
thicker  pulp  and  better  taste  of  the  pods.  It  yields  400-500  pods  per  tree  per  year. 

Punamurungai:  It  is  another  ecotype  grown  in  the  home  gardens  of  Tirunelveli 
and  Kanyakumari  districts  in  Tamil  Nadu.  It  yields  300-400  pods  per  tree  per  year. 

Kodikal  murungai:  This  is  cultivated  predominantly  in  the  betelvine  gardens  of 
Tnchirapalli,  Tirunelveli,  Tanjavur  and  Dharmapun  districts  of  Tamil  Nadu.  It  is 
an  annual  type  of  moringa.  The  seeds  of  this  variety  are  sown  in  the  betelvine  field 
just  three  months  before  planting  of  betelvine  cuttings.  The  betelvine  cuttings  are 
planted  near  the  moringa.  This  moringa  tree  is  highly  useful  for  training  of  betelvine 
and  also  gives  shade.  The  pods  of  this  type  are  shorter  (20-25cm  in  length)  and 
thick  fleshed.  The  pods  and  leaves  are  very  tastier.  The  trees  are  short  statured  and 
the  leaves  are  smaller.  This  is  a  distinct  type  propagated  by  seeds. 

Kattu  murungai:  This  type  moringa  are  seen  in  Chidambaram  areas  in  South 
Arcot  district  of  Tamil  Nadu.  This  is  a  wild  type  producing  small  and  inferior 
quality  pods.  The  trees  are  larger  and  leaves  are  bigger.  The  pods  are  30-60cm  in 
length  and  fleshy  but  used  as  cattle  feed. 

Palamedu  murungai :  It  is  cultivated  in  Madurai  district  in  Tamil  Nadu.  The 
pods  are  long  (60-75cm)  having  good  taste. 

In  addition  to  these  ecotypes,  as  a  result  of  breeding  programmes  the  following 
varieties  have  been  released  from  Tamil  Nadu  in  seed  propagated  moringa. 

KM  1:  This  variety  was  developed  at  Anna  farm,  Kudumianmalai  of  Pudukkottai 
district  in  Tamil  Nadu.  It  is  a  selection  from  an  annual  type  propagated  by  seeds. 
The  plants  do  not  grow  very  tall  and  harvest  of  fruit  becomes  easier.  Pods  are 
short  (32-37cm)  and  thick  (5.5-6.0cm).  The  pod  wieght  ranges  from  65— 82g.  The 
number  of  pods  per  tree/year  is  226-328  weighing  14.69-26. 90kg.  The  number  of 
seeds  per  pod  is  10-13.  The  plants  come  to  bearing  6  months  after  planting.  After 
each  harvest,  the  plants  can  be  ratooned  for  2-3  years  by  cutting  the  trunk  at  a 
height  of  one  metre.  Fresh  planting  of  seedlings  can  be  taken  after  three  years. 

PKM1:  PKM  1  is  an  annual  type  of  murungai,  evolved  at  Horticultural  College 
and  Research  Institute,  Periyakulam  of  Tamil  Nadu  Agricultural  University.  The 
plants  grow  to  a  height  of  4—6  meters  and  come  to  flowering  in  100-125  days  after 
planting.  Each  tree  bears  on  an  average  of  200-250  pods/year.  The  pods  are  60- 
75cm  long  with  6.0cm  girth  and  150g  weight.  They  are  very  pulpy  containing  70% 
of  edible  portion.  Every  year  after  the  harvest  is  completed,  the  trees  have  to  be 
cut  back  to  about  one  meter  from  ground  level  during  September  and  three  ratoon 
crops  can  be  taken  in  a  period  of  three  years. 

PKM  2:  The  variety  was  released  during  January  2000  from  HC&RI,  Periyakulam 
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of  Tamil  Nadu  Agricultural  University.  It  is  a  hybrid  derivative  of  the  cross  between 
MP  31  and  MP  28  of  the  types  maintained  in  the  germplasm.  The  plants  are  quick 
growing  reaching  a  height  of  4.8m  in  six  months.  Each  tree  has  12  branches  and 
bears  flowers  in  clusters.  Three  to  four  pods  are  obtained  per  cluster.  Plant  starts 
flowering  in  100-110  days  and  pods  can  be  harvested  in  170-180  days.  Each  pod 
weighs  280g  with  a  length  of  125cm  and  girth  of  8.0cm.  Seed  content  is  less  with 
more  flesh.  Each  tree  yields  on  an  average  220  pods  weighing  62kg  with  an  hectare 
yield  of  98  tonnes. 

Propagation 

The  perennial  types  are  propagated  by  limb  cutings.  Limb  cutting  of  1-1. 50m 
length  and  14—1 6cm  in  circumference  obtained  from  selected  trees  are  planted  in 
situ  during  June— October  in  Tamil  Nadu.  Annual  types  are  propagated  by  seeds.  A 
quantity  of  625g  of  seeds  is  required  to  raise  the  crop  in  one  hectare. 

Planting 

The  limb  cuttings  are  planted  in  well  prepared  pits  of  60  x  60cm  at  a  spacing  of 
8.5-3.0cm  in  the  square  system.  For  annual  types,  pits  of  size  45cm3  are  dug  with  a 
spacing  of  2.0  x  2.5m  the  pits  are  filled  with  a  mixture  of  top  soil  and  120kg  of 
farmyard  manure.  The  seeds  can  be  either  sown  in  situ  in  the  prepared  pits  or  can 
be  transplanted  after  raising  the  seedlings  in  polybags.  The  polybags  may  be  of  the 
size  of  15cm  length  and  7cm  width.  The  seedlings  will  be  ready  for  planting  in  one 
month  after  sowing.  An  additional  number  of  75-100  plants  are  to  be  raised  in 
polybags  separately  for  gap  filling  one  month  after  planting. 

Manuring 

Three  months  after  sowing,  each  plant  is  to  be  supplied  with  lOOg  in  each  of 
urea  and  superphosphate  and  50g  of  muriate  of  potash  and  irrigated  copiously. 
The  plants  are  to  be  provided  with  lOOg  of  urea  alone,  three  months  after  first 
application.  For  ratoon  crops  the  above  schedule  with  25kg  of  farmyard  manure  is 
recommended. 

After  care 

When  the  seedlings  reach  75cm  height,  the  shoot  tips  are  to  be  nipped  off  to 
encourage  side  branches.  The  plants  which  are  exposed  to  heavy  winds,  slender 
branches  are  liable  to  be  damaged  and  break  easily  at  the  joints  especially  when 
fully  loaded  with  fruits.  In  such  situations,  mounds  are  to  be  formed  around  the 
tree  trunks  upto  a  height  of  30-45cm  from  the  ground  level.  In  the  young  plantation, 
intercrops  like  cowpea  or  bhindi  or  groundnut  can  be  cultivated  till  the  moringa 
plants  become  dense  and  cover  the  interspace. 
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Plant  protection 

Drenching  the  soil  around  the  plant  with  Copper  oxychloride  (2g/litre)  will 
prevent  wilting  of  plants.  Spraying  Duspan  (3ml/litre)  is  suggested  for  the  control 
of  hairy  caterpillars.  To  control  leaf  eating  caterpillar,  spraying  with  Endosulfan 
(2ml/litre)  or  Monocrotophos  (1.5ml/litre)  is  advised.  The  developing  fruits  are 
generally  attacked  by  fruit  fly  and  to  control  this,  20-30  days  after  fruit  set.  The 
spray  can  be  repeated  15  days  after  first  spray.  However  spraying  should  be  avoided 
two  weeks  before  harvest  of  the  fruits. 

Irrigation 

Generally  drumstick  does  not  require  much  irrigation  and  it  is  a  drought-tolerant 
crop.  Irrigation  is  given  in  the  pits  before  sowing  and  on  the  third  day  after  sowing. 
Care  should  be  taken  to  avoid  moisture-stress  till  the  germination.  Later  on,  irrigation 
is  done  once  in  10-15  days  according  to  the  soil  types.  There  should  not  be  any 
water  stagnation.  There  will  be  flower  drop  when  the  soil  is  dry  or  wet.  Hence 
optimum  moisture  should  be  maintained. 

Harvest  and  yield 

The  annual  drumstick  types  come  to  harvest  six  months  after  sowing  while  the 
perennials  types  propagated  by  limb  cuttings  take  8-9  months  for  bearing.  Fruits 
of  sufficient  edible  maturity  are  harvested.  The  fruits  are  ready  for  harvest  60  days 
after  flowering.  The  period  of  harvest  extends  2-3  months  and  each  tree  bears 
200-250  fruits  in  annual  types.  In  perennial  types,  the  yield  will  be  generally  low 
(80—90  fruits/ tree/ year)  in  the  first  two  years  of  bearing.  Then  it  increases  to  about 
500-600  fruits/ tree/ year  m  the  fourth  and  fifth  year  and  the  pods  are  harvested 
mainly  in  March-June.  A  second  crop  can  be  harvested  in  Sepember-October. 
These  ratooned  crops  can  be  taken  and  the  plants  willl  develop  new  shoots  and 
will  start  bearing  after  six  months.  At  each  and  every  ratoon  the  plants  are  to  be 
supplied  with  manures  and  fertilizers. 


Cassava 

(Manihot  esculenta  Crantz.) 

S  G  Nair,  S  Edision  and  M  T  Sreekumari 


Area  and  production 

Cassava  (Manihot  esculenta  Crantz.),  variously  called  tapioca,  manioc,  mandioca 
and  yuca,  is  a  major  starchy  root  crop  of  the  tropics.  Cassava  has  been  grown  m 
India  for  more  than  a  century.  It  was  introduced  into  India  by  the  Portuguese 
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sailors  during  the  seventeenth  century.  The  spread  of  the  crop  in  the  initial  period 
of  introduction  was  attributed  to  a  famous  ruler  of  the  Travancore  State,  Sri  Visakam 
Thirunal,  who  had  encouraged  the  cultivation  of  popular  varieties  of  cassava  from 
the  erstwhile  Malaya  and  other  places  to  overcome  food  shortage,  especially  among 
the  low  income  group  of  people. 

Cassava  is  grown  in  an  area  of  16.4  million  ha  globally  with  an  annual  output  of 
164.7  million  tonnes  of  tubers.  Nigeria  is  the  major  country  growing  cassava 
accounting  for  20%  of  the  world  area  contributing  20%  of  world  production. 

Cassava  is  cultivated  in  an  area  of  0.24  million  ha  producing  6  million  tonnes  in 
India.  Its  production  is  concentrated  mosdy  in  the  southern  peninsular  region  of 
India  with  only  limited  distribution  in  other  states,  the  latter  probably  due  to 
ecophysiological  restrictions.  Though  the  area  under  cassava  and  its  production  do 
not  occupy  an  important  position  in  agricultural  economy,  because  of  the 
geographical  concentration  and  production,  it  is  an  important  crop  in  the  agricultural 
economy  of  a  few  states  particularly  Kerala,  Tamil  Nadu  and  Andhra  Pradesh. 
These  states  constitute  an  area  of  93%  producing  98%  of  cassava  in  India. 

Kerala  where  the  crop  was  first  introduced  in  India  accounted  for  50%  of  area 
under  cassava  (0.13m  ha),  Tamil  Nadu  accounts  for  32%  of  area  (0.08m  ha)  and 
9/o  of  area  is  in  Andhra  Pradesh  (0.02mha)  (Table  1).  It  is  important  to  note  that 
even  though  the  area  under  cassava  in  Tamil  Nadu  is  less  than  in  Kerala,  the 
production  is  the  highest  due  to  very  high  productivity,  ie  38  tonnes/ha.  Cassava  is 
grown  as  rainfed  crop  in  Kerala  and  Andhra  Pradesh.  But  in  Tamil  Nadu,  it  is 
grown  both  as  an  irrigated  and  rainfed  crop. 


Table  1 .  Area,  production  and  yield  of  cassava  in  India  (1994-95) 


State 

Area  (ha) 

Production 

(tonnes) 

Yield 

(kg/ha) 

Kerala 

1,30,100 

25,78,400 

19,819 

Tamil  Nadu 

81,300 

30,65,800 

37,710 

Andhra  Pradesh 

21,700 

2,20,600 

10,166 

Meghalaya 

3,800 

21,000 

5,526 

Assam 

2,200 

9,600 

4,364 

Karnataka 

1,000 

8,000 

8,000 

Mizoram 

500 

7,500 

1 5,000 

Rajasthan 

200 

300 

1,500 

Andaman  and  Nicobar  Islands 

400 

3,500 

8,750 

All  India 

2,42,800 

59,29,300 

24,421 

Cassava,  belonging  to  the  family  Euphorbiaceae,  is  a  native  of  Brazil.  The  genus 
Manihot  comprises  98  species  and  two  major  concentration  of  species,  are 
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encountered  in  Mexico  (18  species)  and  Brazil  (80  species).  Cassava  is  highly 
heterozygous  and  exhibits  a  high  degree  of  genetic  variability.  The  maximum  genetic 
diversity  is  encountered  in  the  adjoining  regions  of  Brazil  and  Colombia.  Since  the 
economic  produce  is  tuber  and  mode  of  cultivation  is  only  through  stakes,  the 
extent  of  heterozygosity  making  any  seedling  a  potential  variety  with  characteristically 
different  gene  frequency  resulted  in  innumerable  varieties  in  the  center  of  origin 
and  in  countries  of  cultivation. 

CROP  IMPROVEMENT 


Botany 

The  plant  is  a  perennial  shrub  producing  enlarged  tuberous  roots  and  variously 
branched  stems.  The  leaves  are  generally  large  and  palmate  with  5-9  or  more  deep 
lobes.  There  are  two  distinct  plant  types,  erect  with  or  without  branching  at  the  top 
and  spreading  types.  The  main  stem  or  the  branches  always  terminate  into  an 
inflorescence.  The  ideal  plant  type  is  considered  to  be  erect  with  tendency  to  branch 
later  in  the  season  and  with  longer  leaf  life.  Stem  is  woody,  glabrous  and  may  be 
sparsely  pubescent  at  the  apex.  Flowering  may  commence  as  early  as  at  the  sixth 
week  after  planting.  Cassava  is  a  monoecious  plant  producing  both  male  and  female 
flowers  on  the  same  inflorescence  and  is  cross  pollinated.  Female  flowers  are  few 
in  number  and  are  present  at  the  base  of  the  inflorescence  with  numerous  male 
flowers  above.  The  female  flowers  open  about  10  days  before  the  male  phase. 

Cassava  grown  from  the  seeds  develop  a  tap  root  system  typical  of  dicots.  In 
plants  grown  from  the  stem  cuttings,  many  of  the  adventitious  roots  arise,  of  which 
a  few  differentiate  into  tubers.  The  variation  in  the  number  of  tuberous  roots  and 
their  shape  and  size  are  varietal  characters.  The  mature  tuber  can  be  easily 
differentiated  into  a  thin  periderm  followed  by  a  cortex  and  a  massive  flesh.  The 
cortex  is  generally  known  as  rind,  which  may  be  cream  or  pink  in  colour.  The 
central  portion  of  the  tuber  constitutes  the  flesh.  The  main  constituent  of  the 
tuber  is  starch.  Varieties  are  classified  into  bitter  and  non-bitter  primarily  due  to 
the  bitter  principle,  viz.  cyanogenic  glucoside  (HCN).  The  yellow  colour  of  the 
flesh  is  due  to  the  presence  of  carotene,  the  precursor  of  vitamin  A. 

The  observation  on  fruit  set  and  seed  set  indicate  that  the  stigma  is  receptive 
from  early  morning  6.00am  and  the  intensity  remains  almost  at  the  same  level  up 
to  2.30pm  and  later  it  declines  and  only  a  trace  of  receptivity  is  discernible  after 
5.00pm.  In  cassava,  when  pollination  is  effected  before  anthesis,  it  can  be  easily 
done  by  exerting  pressure  with  needle  on  the  perianth  of  female  flowers.  In  male 
flowers,  a  slight  pressure  while  parting  the  perianth  is  sufficient  to  release  the 
pollen  and  a  mere  touching  of  the  stigma  with  male  flowers  is  adequate  to  achieve 
successful  pollination. 
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Methods  of  breeding 

Polyploidy  breeding  has  unique  advantages  in  cassava  as  the  economically  useful 
portion  is  a  vegetative  part.  Commercial  cultivadon  is  through  clonal  material  and 
is  also  amenable  to  hybridization.  Tetraploidy  had  been  induced  by  treating  the 
sprouting  axillary  buds  of  stem  cuttings  with  0.5%  colchicine  for  24  hours  and  the 
plants  exhibited  the  usual  gigas  characters.  The  clonally  multiplied  tetraploids  were 
at  par  with  diploids. 


VARIETAL  IMPROVEMENT 


Hybridisation 

Intensive  research  in  varietal  improvement  with  specific  objectives  like  increase 
in  tuber  yield  and  improvement  in  quality  along  with  disease  resistance  was  started 
since  the  establishment  of  Central  Tuber  Crops  Research  Institute,  Thiruva- 
nanthapuram  in  the  year  1963. 

Varieties 

H  97:  This  is  a  cross  between  a  local  variety  ‘Manjavella’  and  a  Brazilian  seedling 
selection.  It  has  erect  branching  plant  type.  The  hybrid  is  characterized  by  light 
sepia  colour  of  the  emerging  leaf.  The  conical,  medium  sized  stout  tubers  are  of 
desirable  size  and  are  brown  coloured.  It  gives  a  yield  of  25-35  tonnes/ha  under 
good  management  and  will  be  ready  for  harvest  at  10  months  after  planting.  This 
was  released  during  1971. 

H  165:  This  is  a  hybrid  between  two  local  cultivars  known  as  ‘Chadayamangalam 
vella’  and  a  type  similar  to  ‘Kalikalan’.  The  plants  are  generally  non-branching  or 
rarely  top  branching  with  mature  lower  leaves  showing  drooping  nature.  The  tuber 
is  relatively  short,  without  neck  and  conical  in  shape.  Tuber  stem  is  golden-brown 
and  the  rind  cream  coloured.  The  tuber  flesh  is  creamy  with  starch  content  of  23- 
25%  on  fresh  weight  basis.  The  crop  attains  maturity  in  8-9  months  and  it  is 
recommended  for  early  harvesting.  Tuber  yield  ranged  from  33—38  tonnes/ha. 
This  was  released  in  1971. 

H  226:  This  is  a  hybrid  between  a  local  cultivar  ‘Ethakkakaruppan’  and  an 
introduction  from  Malaya — M  4.  It  is  generally  erect  but  has  a  tendency  to  branch 
and  leaves  have  characteristic  green  colour.  Tubers  are  medium  with  creamy  skin 
having  purplish  patches.  Tuber  rind  is  light-purple  and  tuber  flesh  is  white  with 
28-30%  starch  content  on  fresh  weight  basis.  It  is  preferred  in  starch  industry.  The 
crop  period  is  about  10  months  and  gives  a  yield  of  30-35  tonnes/ha.  It  has  been 
found  to  be  highly  susceptible  to  CMD  in  recent  years.  This  hybrid  has  become 
dominant  variety  in  the  major  cassava  growing  belts  of  Tamil  Nadu  (Salem  District). 
This  was  released  in  1971. 

Sree  Visbakam  (H  1687):  It  is  a  hybrid  between  a  local  cultivar  and  a  Madagascar 
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variety  and  was  released  in  1977.  The  hybrid  is  erect  and  sparsely  branched  and  the 
tubers  are  well  developed  and  compact.  The  flesh  is  slightly  yellow  encased  in 
cream  coloured  rind  and  brown  skin.  The  carotene  content  is  466  iu/lOOg  and 
remains  yellow  even  after  cooking.  The  starch  content  in  the  fresh  tuber  ranges 
from  25-27%.  The  crop  period  is  10  months  and  the  tuber  yield  35-38  tonnes/ha. 

Sree  Suhyu  (H  2304):  This  is  a  multiple  hybrid  involving  five  parents  of  which 
two  are  exotic  and  was  released  during  1977.  It  is  predominantly  non-branching. 
The  petiole  is  dark-brown  and  stipular  mark  is  spiny  and  prominent.  The  tuber  is 
light-brown  with  a  cream  coloured  rind.  The  tubers  are  long  necked.  Tuber  flesh  is 
white  and  starch  content  29-31%.  The  yield  recorded  is  35—40  tonnes/ha.  It  can 
be  harvested  at  10-11  months. 

Sree  Prakasb  (S  856):  It  is  a  selection  from  the  germplasm  collection  of 
indigenous  origin  and  was  released  in  1987.  The  plants  are  relatively  short  generally 
non-branching.  The  leaves  are  dark-green  with  dark-brown  petiole.  Leaf  retention 
is  high  and  is  very  shy  flowering.  It  can  be  harvested  at  7-8  months  and  has  been 
identified  as  an  early  maturing  variety.  A  yield  of  35-40  tonnes/ha  has  been  recorded 
with  good  management.  The  plants  are  highly  tolerant  to  Cercospora  leaf  spot. 
Starch  content  is  29-31%  in  fresh  tubers. 

Sree  Harsha:  It  is  a  triploid  clone,  developed  by  crossing  a  diploid  with  the 
induced  tetraploid  clone  of  the  released  hybrid  ‘Sree  Sahya’.  Plants  are  stout  generally, 
non-branching  and  erect.  Leaves  are  broad  and  thick  with  light-purple  petiole.  It 
recorded  a  yield  of  35-40  tonnes/ha  and  a  starch  content  of  about  39.05%.  Tuber 
skin  is  light-brown  with  cream  rind  and  white  flesh.  It  was  released  during  1996. 

Sree  Jaya:  It  is  a  selection  from  the  germplasm  collection  of  indigenous  origin. 
It  attains  maturity  at  6  months  and  the  yield  ranged  from  26-30  tonnes/ha.  The 
starch  content  in  the  fresh  tuber  is  24-27%. ^The  plants  are  medium  tall,  erect 
branching  and  green  with  conical  shaped  tubers.  Tuber  skin  is  brown  with  purple 
rind  and  white  flesh.  The  cooking  quality  of  tuber  is  very  good.  It  is  suitable  for 
low  land  cultivation  as  a  rotation  crop  in  paddy-based  cropping  system.  It  was 
released  during  1998. 

Sree  Vijaya:  It  is  a  short-duration  (6  months)  selection  from  the  indigenous 
germplasm.  It  is  suitable  for  low  land  cultivation  as  a  rotation  crop  in  paddy-based 
cropping  system.  Plants  are  erect  branching  green.  Tuber  shape  is  conical  with 
brown  stem,  cream  coloured  rind  and  light-yellow  flesh  due  to  the  presence  of 
carotene.  A  yield  of  25-28  tonnes/ha  has  been  recorded  at  sixth  month.  Starch 
content  is  27-30%  in  the  fresh  tubers.  It  was  released  during  1998. 

Nidhi :  This  variety  was  developed  through  clonal  selection  and  is  suited  for 
sandy  loam  tracts  of  Onattukara  region.  The  plants  are  medium  tall  and  erect 
branching.  Stem  is  greyish-white.  The  duration  is  six  months.  Average  yield  is  25 
tonnes/ha. 
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1,  Normal  plant  of  tapioca  on  right  and  dwarf  variety  on  left;  2,  Sree  kala  variety; 
3,  Sree  Jaya  tapioca  variety;  4,  Sree  Roopa  tapioca  variety 


KMC  1:  This  variety  was  developed  from  the  clonal  selection  from  the 
Ramanthala,  a  traditionally  cultivated  one.  Plant  is  erect  non-branching,  broad  leaves, 
cream  rind  and  white  flesh.  Duration  is  six  months.  Mean  yield  is  30.5  tonnes/ha 
and  31.4%  starch  on  fresh  tubers.  It  is  suitable  as  an  inter  crop  in  coconut  gardens 
of  Kuttanad  in  Kerala. 

CO  1:  It  is  a  clonal  selection  (ME  7)  from  the  local  type  collected  from 
Thiruchirapalli  district  in  Tamil  Nadu.  The  crop  duration  is  8-9  months.  It  recorded 
an  average  yield  of  30  tonnes/ha  with  a  starch  content  of  35%  in  the  fresh  tubers. 
The  tubers  have  whitish  brown  skin,  creamy  rind  and  white  flesh  and  the  flesh  is 
non  bitter.  It  gives  8-12  tubers/plant.  It  was  released  in  the  year  1977  for  general 
cultivation. 

CO  2:  It  is  a  clonal  selection  (ME  164)  from  an  open  pollinated  seedling  progeny 
raised  from  the  seeds  collected  from  a  Thiruvarur  local  type  in  Thanjavur  district 
of  Tamil  Nadu.  It  is  a  branching  type  with  compactly  arranged  tubers  having  brown 
skin,  creamy  white  rind  and  flesh.  It  is  suitable  for  consumption  and  for  starch 
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industry.  It  yields  35  tonnes/ha  in  a  crop  duration  of  8-9  months.  The  starch 
content  in  the  fresh  tuber  is  34.6%.  It  was  released  in  the  year  1984  for  general 
cultivation. 

CO  3:  It  is  a  clonal  selection  (ME-120-1)  from  seedling  progenies  of  open 
pollinated  seeds  obtained  from  IITA,  Nigeria.  The  plants  exhibits  branching  habit. 
This  has  an  average  yield  of  42.6  tonnes/ha  of  tubers  under  irrigated  and  27.3 
tonnes /ha  under  rainfed  conditiohs.  The  tubers  have  brown  skin,  creamy  white 
and  white  flesh  and  contain  35.6%  starch.  The  crop  duration  is  8  months. 

CROP  PRODUCTION 
Soil 

Though  cassava  can  be  grown  under  wide  range  of  soil  conditions,  a  well  drained 
loamy  soil  of  pH  5.5-7  is  best  suited  for  the  crop.  The  major  cassava  growing  soils 
in  Kerala  is  laterite  (Oxisol)  whereas  in  Tamil  Nadu  they  are  black  (Vertisol)  and 
red  soils  (Alfisols)  with  pH  ranging  from  6.5-8. 

Climate 

The  climatic  adaptability  of  cassava  indicates  that  it  yields  best  between  latitudes 
30°N  and  30°S.  Cassava  is  grown  at  altitudes  up  to  2,000m  but  performs  better  at 
lower  altitudes.  It  is  grown  in  areas  ranging  from  humid  (rainfall  more  than 
2,000mm)  annual  rainfall  to  semi  arid  (500-700mm  rainfall)  conditions.  Cassava  is 
generally  considered  as  a  drought  tolerant  crop  but  it  cannot  withstand  frost  and 
growth  ceases  at  temperatures  below  10°-12°C. 

Land  preparation 

Soil  physical  condition  influences  plant  growth  and  hence  proper  tillage  is 
required  for  the  successful  cultivation  of  cassava.  Loosening  the  soil  to  a  depth  of 
20-25cm  either  by  tractor  ploughing  or  digging  with  spade  facilitates  better  rooting. 
Different  methods  of  land  preparation,  such  as  pit  followed  by  mound,  flat  method, 
mound  method  and  ridge  method  did  not  show  any  significant  difference  in  yield. 
According  to  the  local  situation,  different  methods  are  being  followed.  In  light 
textured  soils,  flat  method  of  land  preparation,  in  heavy  textured  soil,  mound  method 
and  under  irrigated  condition  ridges  and  furrow  method  of  land  preparation  are 
suggested. 

Manures  and  manuring 

Cassava  crop  producing  an  yield  of  30  tonnes/ha  removes  187kg  nitrogen, 
33kg  phosphorus  and  233kg  potassium  per  ha.  Hence  to  maintain  the  soil 
productivity,  the  crop  has  to  be  manured  adequately.  For  high  yielding  varieties  of 
cassava,  a  basal  dose  of  12  tonnes  of  farmyard  manure/compost  along  with  a 
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fertilizer  dose  of  50kg  N,  50kg  phosphorus  and  50kg  potassium  per  ha  is 
recommended  at  the  time  of  land  preparation.  When  the  crop  attains  45-60  days 
after  planting  a  top  dressing  of  60kg  nitrogen  and  50kg  potassium/ha  has  to  be 
applied  along  with  the  first  intercultural  operation.  For  short-duration  varieties  of 
cassava  and  local  types,  a  fertilizer  dose  of  75  :  50  :  75  kg  N,  P2Os  and  KjO/ha  is 
recommended. 

Preparation  of  setts  and  planting 

Under  irrigated  conditions  planting  of  cassava  can  be  done  throughout  the 
year.  As  a  rainfed  crop  the  best  time  of  planting  is  April-May  with  the  onset  of 
pre-monsoon  showers.  Planting  can  also  be  done  during  August-September,  with 
the  onset  of  North  East  monsoon  showers.  Disease  and  pest  free  planting  material 
of  8-10  months  maturity  having  a  thickness  of  2-3cm  may  be  selected  for  planting. 
For  better  establishment  and  root  yield  stakes  obtained  from  bottom  and  middle 
portion  of  the  stem  after  discarding  the  1/3  from  the  total  length  of  the  stem  from 
the  top  is  preferred  for  the  preparation  of  stakes  for  planting.  While  preparing  the 
stakes,  it  is  better  to  have  a  smooth  circuit  cut  (rather  than  an  irregular  cut)  to 
ensure  uniform  callus  formation  and  root  initiation. 

A  stake  length  of  25-30cm  was  found  to  give  higher  yield.  Shallow  planting 
facilitates  production  of  a  greater  number  of  roots.  When  the  soil  is  sufficiently 
loose  stakes  can  be  planted  to  a  depth  of  5cm.  Planting  the  stakes  deeper  results  in 
swelling  of  the  mother  stem  with  consequent  reduction  in  root  size  and  yield.  This 
is  especially  true  when  the  soil  becomes  compacted.  Different  methods  of  planting 
stakes  such  as  vertical,  90  to  the  ground,  slanted  (45  angle)  and  horizontal,  showed 
that  vertical  planting  resulted  in  more  uniform  formation  of  callus  tissue  around 
the  cut  surface,  which  helped  in  the  uniform  distribution  of  tuber  forming  roots 
all  round  the  base  of  the  plant. 

Spacing  and  plant  population 

Based  on  the  branching  behaviour,  cassava  genotypes  are  classified  into 
branching,  semi-branching  and  non-branching  types.  Non-branching  type  requires 
75  x  75cm  spacing  while  semi-branched  and  branched  types  require  90  x  90cm 
for  optimum  production.  Normally,  one  stake,  is  planted/hill  but  planting  two/ 
hill  could  improve  the  total  tuber  yield  but  reduce  the  tuber  size  resulting  adversely 
the  market  quality  of  the  tuber. 

Interculture 

The  sprouts  emerging  from  the  top  buds  are  more  vigorous  than  those  emerging 
from  the  lower  nodes  of  the  stake.  Removal  of  excess  sprouts  by  retaining  two  per 
plant  at  opposite  sides  is  better  for  the  production  of  more  number  of  tubers  per 
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plant.  Under  field  condition  all  the  stakes  planted  may  not  establish  due  to  the  use 
of  poor  quality  planting  material  and  adverse  weather  conditions  which  necessitates 
gap  filling  within  a  reasonable  time.  At  the  time  of  planting  stakes  in  the  main  field 
about  5%  of  the  stakes  may  be  planted  separately  at  a  very  close  spacing  of  4  x 
4cm  in  a  nursery  area  of  one  square  meter  with  pot-watering  so  that  the  settlings  at 
the  age  of  20-25  days  may  be  uprooted  and  used  for  gap  filling. 

Interculturing  is  important  especially  in  the  early  stage  of  the  crop  for  the  control 
of  weeds  and  to  improve  the  physical  condition  of  the  soil.  Once  the  cassava  plant 
puts  forth  enough  canopy  to  cover  the  entire  field,  weeds  do  not  generally  become 
a  problem.  The  first  interculturing  shall  be  sufficiently  deep,  done  at  45-60  days 
after  planting  and  a  shallow  interculturing  and  earthing  up  at  one  month  after  the 
first.  In  Kerala  the  crop  is  mostly  grown  under  rainfed  situations  whereas  in  Tamil 
Nadu  it  is  grown  mosdy  under  irrigated  conditions.  Irrigation  at  approximately 
25%  available-moisture  depletion  level  throughout  the  growing  season  could  double 
the  tuber  yield  as  compared  to  unirrigated  conditions. 

Harvest 

The  crop  is  ready  for  harvest  from  10-11  months  after  planting.  Short-duration 
varieties  can  be  harvested  from  6-7  months  stage.  Delayed  harvest  may  result  in 
deterioration  in  cooking  quality  of  the  tuber. 

CROP  UTILIZATION 


Post-harvest  handling 

A  major  disadvantage  of  cassava  is  the  poor  post-harvest  life  of  the  tubers 
which  necessitates  rapid  processing  to  some  stable  products.  Marketing  to  far  off 
places  for  broadening  the  utilization  avenues  is  also  limited  because  of  the  rapid 
perishability. 

Biochemical  and  physiological  processes  are  triggered  in  the  tuber  due  to 
mechanical  injury  inflicted  at  the  time  of  harvest.  This  spoils  the  tubers  and  makes 
them  unfit  for  consumption  and  industrial  use.  The  primary  change  observed  in 
the  tuber  is  the  appearance  of  blue-black  lines  along  the  periphery  of  the  cortex. 
This  phenomenon  is  termed  ‘vascular  blue  lining’  or  ‘vascular  streaking’.  Pathogenic 
organisms  responsible  for  rotting  of  cassava  tubers  include  Rhizopus  orysae ,  Bacillus 
sp.  Penicillium  sp.  and  yeast.  The  invading  pathogens  are  capable  of  releasing 
polysaccharide  and  pectin  degrading  enzymes  which  bring  about  a  thorough  decay 
of  tubers.  Many  techniques  are  available  for  the  storage  of  cassava  tubers.  They  are 
storage  in  boxes,  storage  in  plastic  bags  and  storage  in  moist  sand  and  soil.  Drying 
is  one  of  the  main  modes  of  processing  of  cassava  tubers  to  enhance  its  post¬ 
harvest  storage.  It  can  be  in  the  form  of  cassava  chips,  flour,  starch  and  pellets. 

There  are  many  value  added  products  from  cassava  like  starc-h,  sago  liquid  glucose, 
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dextrin,  macroni,  parboiled  cassava  chips,  rava,  poultry  feed,  cattle  feed,  high 
fructose  syrup,  alcohal,  itaconic  acid  and  monosodium  glutamate. 

Export  potential 

Cassava  products  also  enter  international  trade  under  different  forms  such  as 
dried  chips,  pellets,  flours  and  starch.  This  potential  of  cassava  has  already 
transformed  cassava  from  subsistence  crop  to  a  commercial  one. 

CROP  PROTECTION 

Pests 

Among  the  pests  that  attack  cassava,  spidermites,  thrips,  scale  insects  and  white 
grubs  are  important  and  whitefly  as  vector  of  cassava  mosaic  disease  is  significant 
and  others  are  of  local  or  minor  importance. 

Scale  insect  (Anoidomytellus  albus  Ckill)  attack  the  stem  in  the  field  and  during 
storage  of  planting  material.  The  insect  sucks  and  desaps  the  stem.  For  effective 
control,  scale-free  stems  should  be  collected  for  storing  and  planting.  Healthy  stems 
are  to  be  kept  in  vertical  position  under  shade  to  facilitate  easy  aeration  and  diffused 
day  light.  As  a  prophylactic  measure  the  stems  may  be  sprayed  with  Dimethoate 
0.05%  at  the  time  of  storing. 

Termites  ( Odontotermes  obesus)  attack  the  planted  cuttings  and  the  seedlings 
resulting  in  the  poor  establishment.  The  pest  problem  becomes  serious  in  areas 
with  prolonged  dry  spell.  In  certain  periods  the  seedling  mortality  ranged  from 
20-40%.  It  is  a  sporadic  and  localized  pest.  In  the  case  of  severe  incidence  soil 
insecticides  application  may  be  resorted  to. 

White  grubs  ( Leucopholis  coneophora  Burm.)  are  polyphagous  and  are  important 
in  certain  localities.  The  infested  plants  turns  pale,  wither  and  dry  up.  The  grubs 
feed  on  the  developing  roots  and  on  the  bark  of  the  planted  stems.  The  pest  can  be 
effectively  controlled  through  collecting  of  adult  beetles  from  harbouring  plants 
and  trees,  deep  ploughing  to  expose  the  grubs  and  with  soil  application  of 
insecticides. 

Among  the  foliage  feeding  pests  the  most  serious  ones  are  spidermites.  One 
group  feeds  on  the  lower  surface  of  the  leaves  [Tetranychus  cinnabarinus  (Bosid.) 
and  T.neocaledonicus  Andre]  causing  elongated  streaks,  chlorosis,  withering  and 
drying  of  leaves.  The  other  group  which  prefers  to  infest  the  upper  surface 
[Eutetranychus  orientalis  (Klein)  and  Oligonychus  biharensis  (Hirst)]  cause  depletion 
of  chlorophyll,  resulting  in  characteristic  bronzing  and  typical  rusted  leathery 
appearance.  Such  leaves  begin  to  curl  from  margins  and  later  fold  into  one  twisted 
roll.  The  teranychid  mites  usually  infest  lower  surface  but  during  epidemics  may 
cover  both  sides  of  the  leaf.  Spraying  of  Dimethoate  or  Methyl  demeton  0.05% 
during  severe  infestation  (January-April)  at  monthly  interval  is  highly  effective. 
Spraying  water  at  run  off  level  is  also  effective  in  controlling  mite  damage. 
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Thrips  (. Retithrips  syriacus  Mayet)  another  foliage  pest  is  serious  during  dry 
periods  when  spidermites  also  occur  and  accentuate  the  problem.  Infested  leaves 
lose  chlorophyll  and  turn  pale  with  deposits  of  dark-brownish  excreta.  Infestation 
starts  on  the  older  leaves  and  spread  to  the  younger  ones.  The  control  measures 
adopted  for  spidermites  will  also  take  care  of  this  pest. 

Bemisia  tabaci  (Genn.)  is  the  common  whitefly  on  cassava.  It  is  more  important 
as  a  vector  of  CMD  than  as  a  pest.  It  is  abundant  throughout  the  year.  An  aphilenid 
nymphal — pupal  parasitoid  Prospaltella  flava  was  found  often  regulating  the 
population  (6.8-30%)  in  the  field. 

Disease 

Cassava  is  affected  by  several  diseases.  Among  them  cassava  mosaic  disease 
(CMD)  is  found  all  over  the  cassava  growing  areas.  Tuber  rot  and  phoma  are 
location  specific  which  occurs  in  Salem  areas  of  Tamil  Nadu. 

In  CMD  infected  plant,  the  young  and  emerging  leaf  has  chlorotic  area  which 
appear  as  specs  in  leaf  lamina.  Gradually  they  enlarge  and  intermix  with  normal 
green  tissue  to  give  rise  to  typical  mosaic  pattern.  In  severely  infected  plants  all  the 
leaves  may  be  reduced  in  size  or  deformed  and  result  in  stunted  bushy  appearance. 
Tuber  yield  loss  due  to  CMD  varies  with  different  varieties.  In  susceptible  variety 
(eg.  Kalikalan)  yield  reduction  was  up  to  80%  but  in  the  case  of  field  tolerant 
cultivars  it  may  be  25-30%.  Loss  is  due  to  the  reduction  in  tuber  bulking  but  there 
is  no  apparent  deterioration  of  quality.  Primary  spread  of  CMD  occurs  through 
indiscriminate  use  of  infested  cuttings.  Secondary  spread  is  through  whitefly  vector 
Bemisia  tabaci.  Use  of  disease  free  planting  material,  timely  roguing  and  strict  field 
sanitation  can  successfully  contain  the  disease.  No  absolute  resistance  is  available; 
but  varieties  like  M  4,  H  97  and  H  165  are  field  tolerant. 

Cercospora  leaf  spot  {Cercospora  carbonaceae  and  C.dioscoreaceae )  and  curvularia 
leaf  spot  ( Curvularia  eragostidis)  appear  in  all  the  places  where  the  crop  is  grown, 
but  severe  only  in  warm  humid  regions  with  good  rainfall.  Symptoms  are  brownish- 
spots/tan  coloured  spots  on  the  leaves.  This  disease  can  be  controlled  by  spraying 
fungicides  such  as  Bavistin  (0.05%),  Dithane  M  45  (0.25%)  at  15  days  intervals  for 
2-3  times  during  maturity  of  the  crop. 


Yams 

(Dioscorea  species) 

S  G  Nair,  S  Edison  and  M  T  Sreekumari 

Dioscorea  species  commonly  known  as  yams,  belong  to  the  family  Dioscoreaceae 
under  monocotyledons.  The  genus  consists  of  about  600  species  mostly  tropical  in 
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Elephant  foot  yam  plants 
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Elephant  foot  yam  variety  Sree  Padma 


Yam  bean  variety  Rajendra  Mishri  Kant-1 
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distribution.  They  produce  tubers,  bulbils  or  rhizomes  that  are  of  economic 
importance.  In  India,  about  50  species  occur  which  are  distributed  throughout  the 
country  except  in  the  dry  north-west  region.  They  are  also  found  to  occur  up  to  an 
elevatioh  of  10,000  feet  in  the  Himalayas.  Two  Asiatic  yams,  viz.  Dioscorea  alata 
(greater  yam)  and  Dioscorea  sculenta  (lesser  yam)  are  the  major  food  yams  of  India. 
These  two  species  are  cultivated  in  almost  all  States  of  India.  Dioscorea  rotundata 
(white  yam)  which  is  extensively  cultivated  in  the  African  continent  is  a  recent 
introduction  to  India.  Apart  from  the  three  food  yams  of  the  world,  about  50-60 
other  species  of  Dioscorea  are  also  either  cultivated  to  a  limited  degree  or  gathered 
as  famine  food.  Some  of  them  are  D.  bulbifera,  D.  hispida,  D.  trifida,  D.  dumetorum, 
D.  opposita  and  D.  japonica.  The  yams  exploited  for  pharmaceutical  purposes  are 
non-edible.  Important  among  them  are  D.  composita,  D.  floribunda,  D.  spiculiflora, 
D.  fnednchsthalii  and  D.  deltoidea.  The  tubers  of  the  major  species  are  rich  in 
carbohydrate  content  and  are  better  sources  of  protein  than  other  tuber  crops. 

Uses 

Yams  form  staple  diet  in  many  parts  of  western  Africa.  The  processing  and 
consumption  are  still  by  conventional  methods  and  there  has  been  little  attempt 
made  to  modernize  the  yam  processing  and  utilization.  The  conventional  processing 
techniques  are  boiling,  roasting,  frying  or  conversion  to  fufu.  Fufu  is  an  important 
product  made  from  yam.  Yam  flour  is  also  used  for  human  consumption  as  ‘kokonte’ 
in  northern  zones  of  West  Africa.  Wafers,  cripies  and  biscuits  made  out  of  D.  alata 
tubers  were  found  to  have  good  acceptability.  Traditionally  in  many  Indian  families 
yam  tubers  are  consumed  after  cooking  and  peeling.  D.  alata  tubers  are  peeled  and 
cooked  or  used  as  vegetable.  Diosgenin  present  in  many  wild  yam  species  has 
found  good  use  in  drugs  for  oral  contraceptives.  In  fact,  many  species  containing 
high  quantity  of  diosgenin  are  being  grown  commercially  for  production  of  this 
sapogenin. 


CROP  IMPROVEMENT 


Origin  and  distribution 

The  cultivation  of  a  number  of  edible  yams  have  been  reported  to  have  originated 
in  South-East  Asia — probably  Burma  or  Assam.  It  has  been  suggested  that  D. 
alata  and  D.  esculenta  are  derived  from  the  Indian  centre  of  origin  in  Burma  and 
Assam  while  the  former  of  these  had  a  subsidiary  distribution  from  the  Indo- 
Malayan  centre  rather  farther  South-east,  from  which  centre  D.  hispida,  D. 
pentaphylla  and  D.  bulbifera  also  came  into  cultivation.  The  two  more  temperate 
species,  viz  D.  opposita  and  D.  japonica  derive  from  the  Chinese  centre  of  origin. 
Within  the  tropics,  species  of  Dioscorea  are  found  almost  everywhere  where  the 
rainfall  is  sufficient  for  their  growth.  Different  members  of  the  genus  are  adapted 
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to  diverse  ecologies.  Thus  the  members  of  the  genus  Dioscorea  appear  to  have 
achieved  world-wide  distribution  as  early  as  the  end  of  Cretaceous  period. 

Area  and  production 

Yams  are  cultivated  in  an  area  of  about  2.5  million  hectares  in  the  world  producing 
about  23.5  million  tonnes  of  tubers.  Africa  alone  produces  about  90%  of  the  tubers 
and  covers  about  95%  of  the  area.  In  India  though  it  is  cultivated  in  almost  all 
states,  no  statistical  data  are  available  on  its  area  and  production. 

Botany 

Yam  plants  have  tuber  or  rhizome  form  which  the  vines  and  roots  emerge 
annually  during  the  growing  season.  It  is  inferred  that  the  yam  tuber  is  neither  a 
root  structure  nor  stem  structure  but  it  may  have  its  origin  as  a  hypocotyl  structure. 
The  yam  tuber  is  supposed  to  grow  from  a  small  corm  structure  located  at  the 
base  of  the  stem  and  referred  to  the  primary  nodal  complex.  In  all  edible  yams,  the 
tubers  are  renewed  annually.  Soil  conditions  too  play  an  important  role  in 
determining  the  shape  and  size  of  the  tubers.  The  tubers  may  be  single  or  almost 
two  or  three  in  edible  yams,  but  Asiatic  yam  D.  esculenta  produces  a  large  number 
of  small  and  spindle-shaped  tubers. 

The  two  major  bulbil  bearing  tropical  yam  species  are  D.  alata  and  D.  bulbifera. 
In  D.  alata  bulbil  is  a  minor  storage  organ  while  in  D.  bulbifera,  the  bulbil  is  the 
major  storage  organ  with  no  significant  underground  storage  tuber  being  produced. 
They  are  produced  in  the  axils  of  leaves.  Bulbils  of  both  species  have  been  used  as 
setts  in  the  cultivation  of  yam  crops. 

The  stems  are  weak  and  they  climb  by  twining.  In  some  species,  notably  D. 
rotundata,  the  stem  can  remain  erect  to  a  height  of  almost  a  meter  without  support. 
The  stems  of  many  species  are  armed  with  spines  which  protect  the  plant  from 
wild  animals  and  also  assist  in  supporting  the  stem  on  the  host  plant. 

Simple  leaf  is  typical  to  the  genus.  However,  D.  dumetorum  and  D.  hispida  possess 
compound  leaves  usually  having  three  or  more  leaflets.  The  leaf  lamina  size  varies 
from  50-200cm2.  The  phyllotaxy  is  usually  opposite  or  alternate  while  often  leaf 
arrangement  is  alternate  on  the  lower  parts  of  the  stem  and  opposite  on  the  top. 
The  leaves  vary  considerably  in  size  from  one  species  to  another  or  even  between 
individuals  or  between  different  parts  of  a  single  plant. 

Male  and  female  flowers  are  borne  on  separate  plants  and  thus  all  the  members 
of  the  genus  are  dioecious.  Female  flowers  are  larger  than  male  flowers.There  are 
more  male  than  female  plants  and  also  more  male  inflorescence,  each  containing  a 
greater  number  of  individual  flowers.  The  individual  male  flowers  are  small  and 
inconspicuous  and  in  most  species  they  are  of  the  order  of  2-4mm  in  diameter. 
They  are  insignificant  in  colour,  generally  being  white,  creamish-or-greenish  shades. 
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Male  flowers  are  borne  on  axillary  spikes  or  panicles  and  they  usually  droop 
downwards.  The  male  flower  has  a  perianth  consisting  of  six  sepals.  Stamens  are 
six  in  number  in  two  whorls.  The  anthers  are  generally  basifixed  on  short  filaments 
and  composed  of  two  thecae.  Pollen  grains  are  small  and  sticky.  In  female  flowers, 
the  ovary  is  inferior,  trilocular  with  two  ovules  in  each  locule.  The  placentation  is 
axile.  The  pistil  is  single  with  a  trifurcated  stigma  and  occupies  the  centre  of  the 
flower. 

The  fruits  are  dehiscent,  trilocular  capsules.  The  fruit  dehises  along  the  septum. 
The  shape  and  size  of  the  capsules  and  seeds  differ  in  differnt  species.  The  seeds 
are  small,  light,  flattened  and  winged  all  round  the  seed  to  aid  dispersal  by  wind 
and  there  exists  a  seed  dormancy  up  to  three  to  four  months  in  many  species.  In 
D.  alata  no  seed  dormancy  exists. 

In  the  case  of  the  most  primitive  section,  the  chromosome  counts  are  usually 
2n=20.  In  D.  alata,  majority  of  the  male  clones  are  reported  to  be  tetraploids 
(2n=40)  and  majority  of  the  females  are  higher  ploids  (2n=60  and  80). 

Breeding  methods 

Substantial  contribution  in  yam  breeding  has  been  made  in  the  case  of  D.  alata 
from  the  Central  Tuber  Crops  Research  Institute,  Thiruvananthapuram,  Kerala 
and  in  the  case  of  D.  rotundata  from  IITA,  Nigeria.  Yam  improvement  over  the 
years  has  been  done  mostly  by  introduction  and  selection.  The  vegetative 
propagation  has  not  only  restricted  the  genetic  variation  in  the  species  but  also  had 
rendered  the  sexual  process  ineffective  as  evidenced  by  reduced  flowering  and  lack 
of  seed  production.  Sexual  reproduction  holds  great  potential  for  the  genetic 
improvement  of  edible  yams  as  hybridization  and  selection  are  the  effective  methods 
of  conventional  recombination  breeding. 

The  important  breeding  objectives  of  edible  yams  are  higher  yield,  improved 
tuber  shape  and  shelf-life,  better  quality  and  dwarf  plant  type. 

The  members  of  the  genus  Dioscorea  are  dioecious  in  nature.  Asian  yams  are 
lagging  behind  considerably  in  their  genetic  improvement  through  hybridization 
and  selection  compared  to  African  yam,  D.  rotundata.  The  major  breeding  barriers 
are  scarcity  of  flowering  clones,  high  rate  of  sexual  sterility  and  occurrence  of 
different  ploidy  types,  viz  tetraploids,  hexaploids  and  octoploids  among  the 
germplasm  collections  especially  in  D.  alata.  In  addition,  non-synchrony  in  the 
flowering  of  male  and  female  accessions  is  an  additional  constraint.  In  D.  esculenta 
flowering  has  been  found  to  occur  very  rarely  and  no  female  clone  has  been 
identified  so  far.  Even  if  coincidence  of  flowering  occurs  in  the  two  sexes,  natural 
pollination  is  not  effected  due  to  the  stickiness  of  pollen  not  enabling  anemophily 
and  the  absence  of  any  definite  pollinating  insects. 
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Floral  biology  and  artificial  pollination 

Flowering  occurs  from  the  middle  of  September  to  the  end  of  November. 
Duration  of  flowering  within  individual  clones  ranged  from  12-20  days  and  within 
female  clones  from  5-10  days.  Anthesis  of  male  flowers  and  anther  dehiscence 
occurs  by  1230hr  whereas  female  flowers  open  between  1300hr  and  1430hr  showing 
a  peak  at  1400hr.  Both  male  and  female  flowers  emit  a  strong  scent  upon  anthesis. 
After  artificial  pollination  of  female  flowers  between  1300hr  and  1500hr,  usually  a 
high  degree  of  fruit  set  is  obtained.  The  female  flowers  show  a  high  degree  of 
stigma  receptivity  for  a  period  of  6-7  days  after  anthesis.  Fertilized  flowers  can  be 
visually  differentiated  by  the  enlargement  of  the  ovary  within  one  week  after 
pollination.  Due  to  the  non-availability  of  female  clones  among  the  D.esculenta 
germplasm  collections,  improvement  through  hybridization  and  selection  in  this 
species  has  not  been  possible  so  far. 

Sexual  progeny 

True  seeds  and  sexual  progeny  of  Greater  yam,  D.  alata  exhibits  a  wide  range  of 
variation  in  almost  all  characters  and  they  show  enhanced  flowering  frequency  and 
a  high  sexual  fertility  of  males  and  females.  The  seedlings  required  about  three 
clonal  generations  to  stabilize  tuber  yield  after  which  selection  of  superior 
recombinants  could  be  practiced.  Several  superior  clones  could  be  isolated  for 
evaluation  in  both  D.  alata  and  D.  rotundata.  The  production  of  several  dwarf  and 
semi-dwarf  progeny  in  D.  rotundata  is  worth  mentioning  as  they  do  not  require 
staking. 

Varieties 

Sree  Keerthi:  It  is  a  high  yielding  selection  from  D.  alata  germplasm.  The  stem 
and  petiole  of  this  male  clone  are  green  in  colour.  The  tuber  skin  is  brown  and  the 
flesh  is  white.  It  produces  1-2  conical-shaped  tubers  which  are  partly  hairy.  The 
tuber  has  excellent  cooking  quality  and  taste.  Crop  duration  is  nine  months  and 
the  yield  potential  is  25-30  tonnes/ha. 

Sree  Roopa:  Sree  Roopa  is  a  selection  from  the  germplasm  of  greater  yam.  It  is 
a  vigorously  growing  type  with  purple  stem.  It  is  a  female  clone  and  produces  2-3 
digitate  smooth  tubers  which  can  be  harvested  after  nine  months.  The  tuber  skin 
is  black  and  flesh  white  in  colour.  The  cooking  quality  is  excellent.  Sree  Roopa  has 
recorded  an  average  yield  of  25-30  tonnes/ha. 

Sree  Shilpa:  Sree  Shilpa  is  an  intervarietal  hybrid  released  from  CTCRI.  This  is 
the  First  hybrid  variety  identified  and  released  in  D.  alata.  Tubers  are  oval  with 
smooth  surface  with  white  flesh  and  excellent  cooking  quality.  The  crop  duration 
is  8  months  with  an  average  yield  of  28  tonnes/ha. 

Sree  Latha:  It  is  a  selection  from  the  germplasm  of  lesser 'yam.  It  produces 
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20-25  medium  to  large  sized  tubers  and  can  be  harvested  after  eight  months. 
Tuber  shape  is  oblong  to  fusiform  with  greyish-brown  skin  which  is  partly  hairy. 
The  cooking  quality  is  good  and  tuber  yield  potential  of  about  25  tonnes/ha  has 
been  recorded. 

Sree  Kala:  This  is  an  exotic  germplasm  selection  of  lesser  yam.  The  stem  is 
spiny  medium  hairy  with  purple  colour.  Tubers  are  oval  and  smooth  with  brown 
skin  and  white  flesh  having  excellent  culinary  quality.  Tuber  yield  is  20  tonnes/ha. 

Sree  Subhra:  It  is  a  selection  from  the  open  pollinated  seeds  of  an  African 
species  of  D.  rotundata  introduced  from  Africa.  The  leaves  are  light-green  with 
straight  margin.  It  produces  1-2  cylindrical  tubers  which  are  partly  hairy.  The 
tubers  possess  excellent  cooking  quality.  The  yield  ranges  35-40  tonnes/ha.  The 
duration  of  the  crop  is  nine  months. 

Sree  Priyu:  It  is  also  a  high  yielding  selection  of  D.  rotundata.  The  leaves  are 
dark-glossy-green  with  wavy  margin.  It  produces  2-3  tubers.  The  tuber  surface  is 
smooth.  The  cooking  quality  of  the  tuber  is  good.  It  gives  an  average  yield  of 
35_40  tonnes/ha.  The  duration  of  the  crop  is  nine  months. 

Sree  Dhanya :  It  is  a  dwarf  bushy  variety  of  D.  rotundata  that  do  not  require 
staking.  The  stem  grows  only  up  to  30-50cm  height,  petiole  and  emerging  leaves 
are  green  and  leaves  are  narrow.  It  is  a  male  clone  with  cylindrical,  partially  hairy 
tube  with  brown  skin  and  white  flesh.  Duration  is  nine  months  and  mean  yield  is 
20  tonnes/ha. 


CROP  PRODUCTION 


Soil  and  climate 

Yams  require  a  fertile,  free  draining  soil  and  grow  best  in  sandy  loam  soil.  High 
rainfall  is  required  for  maximum  production.  Temperature  in  the  range  of  20°- 
30°C  promotes  better  growth.  Day  length  greater  than  12hrs  during  the  initial 
stages  and  shorter  day  length  during  the  later  part  of  the  growing  season  favour 
satisfactory  tuber  production. 

Propagation 

Yams  are  propagated  vegetatively  and  the  tuber  pieces  are  normally  planted.  It 
is  possible  to  propagate  yam  through  vine  cuttings  but  tuber  production  by  this 
method  is  slow.  For  propagation,  the  whole  tuber  is  cut  into  seed  pieces  consisting 
of  tops  (proximal),  middles  and  bottoms  (distal).  The  seed  yams  and  tops  are 
preferred  for  their  earliness  and  uniform  sprouting.  The  tuber  pieces  may  be  dipped 
in  cowdung  slurry  and  allowed  to  dry  under  shade  before  planting.  A  seed  tuber 
weight  of  200-250g  is  ideal  for  optimum  production  in  D.  alata.  For  D.  esculenta  a 
seed  tuber  yam  weight  of  100— 125g  is  optimum. 

Yam  tubers  generally  remain  dormant  for  about  2— 2V2  months  in  storage. 
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Dormancy  in  yams  carl  be  broken  artificially  by  quick  dipping  in  4-8%  solution  of 
ethylene  chlorohydrin  followed  by  dry  storage.  It  Is  also  possible  to  delay  the 
sprouting  in  storage  by  soaking  the  tubers  for  lOhrs  in  <).f%  solution  of  Maleic 
hydraxide. 

Land  preparation 

The  tubers  develop  in  deep  friable  loose  soils.  To  promote  proper  development 
of  the  tubers  the  soil  should  be  dug  deep  or  ploughed  to  a  depth  of  20cm.  On 
sandy  soils  yams  are  planted  flat.  Raised  beds  and  trenches  are  also  used  for  planting. 
Yams  are  also  planted  on  mounds  formed  over  pits.  The  seed  pieces  are  planted  at 
a  depth  of  15cm  in  the  soil  and  planting  deeper  than'this  has  been  found  to  give 
lower  yield. 

Spacing 

Spacing  depends  upon  the  growth  of  the  species  and  in  general,  a  wider  spacing 
may  be  required  for  varieties  having  broader  leaves  and  luxuriant  growth.  A  closer 
spacing  of  75cm  x  75cm  is  optimum  for  D.  esculenta  while  a  wider  spacing  of 
90cm  x  90cm  for  D.  alata  and  D.  rotundata. 

Interculture 

Mulching  immediately  after  planting  is  beneficial  for  increasing  the  tuber  yield. 
Mulching  provides  protection  from  excessive  soil-moisture  and  ensures  quick  and 
uniform  sprouting  of  tubers. 

Staking  exposes  the  leaves  to  sunlight  and  the  yields  of  the  staked  plants  are 
higher  than  those  of  non-staked  plants.  The  emerging  shoots  should  be  directed  to 
the  supports  to  avoid  any  possible  injury  for  the  tender  shoots.  When  grown  in 
open  area,  D.  alata  and  D.  rotundata  plants  trail  to  a  height  of  3-4  meters.  D. 
esculenta  requires  comparatively  lesser  height  of  staking. 

Yams  generally  take  about  30-40  days  for  sprouting  and  another  two  months  to 
develop  a  vegetative  cover  on  the  ground.  Two  intercultural  operations  would  be 
sufficient  to  check  the  growth  of  weeds  and  to  provide  favourable  conditions  for 
the  growth  of  the  plants.  The  first  weeding  may  be  done  at  one  week  after  50% 
sprouting  and  the  second  a  month  later. 

Manures  and  manuring 

Yams  are  usually  grown  with  heavy  doses  of  organic  manure.  Application  of 
farmyard  manure  @  10  tonnes/ha  along  with  NPK  @  80:60:80  is  optimum  for  D. 
esculenta.  D.  alata  and  D.  rotundata  responds  favourably  to  higher  levels  of  nitrogen 
and  an  NPK  of  120  :  60  :  80kg/ha  and  farmyard  manure  @  10  tonnes/ha  may  be 
applied.  Phosphorous  may  be  given  in  a  single  dose  along  with  half  dose  of  nitrogen 
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and  potash  at  the  time  of  first  interculturing.  The  remaining  dose  of  nitrogen  and 
potash  may  be  applied  a  month  later  along  with  second  interculturing. 

Harvesting 

Yams  are  generally  harvested  at  8-9  months  after  planting  when  they  attain 
maturity.  D.  esculenta  matures  early  as  compared  to  other  species.  Yams  are  amenable 
for  double  harvesting,  ie  removing  the  mother  tubers  after  two  months  of  growth 
and  allowing  for  subsequent  production  of  side  tubers.  However,  double  harvesting 
is  not  economical  as  compared  to  single  harvesting.  Harvesting  of  tubers  should 
be  carried  out  with  care  as  cuts  and  bruises  result  in  early  rotting  of  the  tubers  in 
storage. 

Marketing  and  trade 

Most  of  the  yams  produced  in  various  parts  of  the  world  is  consumed  within 
the  country  of  production  and  comparatively  small  quandties  only  enter  international 
trade.  The  economic  importance  of  yam,  hence,  lies  in  its  utilization  as  food  for 
the  producing  regions.  Even  in  these  producing  regions,  the  movement  of  yam  is 
very  much  restricted.  The  producing  centres  being  rural  areas,  a  good  portion  of 
the  produce  may  be  taken  to  the  nearby  urban  markets  for  disposal.  However, 
attempts  have  to  be  made  to  identify  more  convenient  products  that  may  be 
developed  out  of  yam  tubers  as  this  may  ease  the  storage  and  marketing  problems 
confronted  with  this  crop. 

Storage 

Yams  are  generally  used  as  fresh  tubers  and  it  necessitates  storing  of  fresh  tubers 
after  harvest.  The  bulkiness  of  the  tubers  and  the  high  moisture  content  make  the 
post-harvest  handling  of  tubers  more  difficult.  Transportation  and  storage  cost  is 
considerable.  The  tubers  being  bulky,  the  storage  space  requirement  is  large  and 
the  tubers  need  to  be  stored  in  shady  environment  for  which  construction  of 
sheds  or  store  houses  with  racks  and  shelves  are  required  to  be  undertaken.  Curing 
of  tubers  just  after  harvesting  and  storage  under  optimum  temperature  and  humidity 
help  in  minimizing  storage  loss.  It  is  claimed  that  use  of  gamma  irradiation  (7.5 
krad  dosage)  resulted  storage  of  yam  tubers  in  good  condition  for  six  to  eight 
months. 

CROP  PROTECTION 

Pests 

Galerucida  bicolor  Hope  attacks  and  defoliates  the  leaves  of  yam.  Grubs  feed  on 
the  tender  leaves  and  succulent  tissues  of  shoot  tips.  Adult  feeds  on  mature  leaves 
by  perforating  leaf  blade  without  affecting  the  vines.  Adult  is  stout  7-9mm  long, 
fulvous  beetle. 
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Lema  lacordairei  Baly.  attacks  D.  data  in  Kerala.  It  feeds  on  leaves  and  tender 
vines.  Adult  is  small  (8  mm  long)  beede  with  blue  elytra  and  yellow  body.  Eggs  are 
laid  in  groups  of  10-12  on  leaves  or  vines.  On  an  average  the  incubation,  larval 
and  pupal  periods  last  for  2.5,  6.5  and  8  days  respectively. 

The  scale  insect  (. Aspidiella  hartii )  is  an  important  pest  of  yams  in  India.  Among 
the  different  species  of  Dioscorea,  D.  data,  D.  esculenta  and  D.  rotundata  were 
found  attacked  by  the  pest,  while  D.  hispida  and  D.  bulbifera  were  relatively  free 
from  attack.  The  field  infestadon  ranged  from  1-100%  among  different  vanedes 
and  species  of  Dioscorea.  In  severe  cases  of  infestation,  attacked  plants  show  drying 
due  to  continuous  sucking  and  desapping.  Nymphs  and  females  infest  the  basal 
vines  and  tubers.  During  January-Apnl  they  multiply  very  fast  in  large  numbers 
covering  the  entire  tubers.  The  infested  tubers  start  shrivelling  affecting  the  quality, 
viability  and  marketability. 

The  white  grub  Leucopholis  coneophora  Burm.  attacks  root  and  tuber.  During 
severe  incidence  of  white  grubs  the  intensity  of  damage  was  assessed  as  10-35  bits 
per  tuber  and  each  gnawed  bit  measured  15-20mm  deep.  The  tuber  yield  loss  was 
in  the  range  of  4-9%  in  greater  yam  and  lesser  yam.  The  damaged  tubers  are 
adversely  affected  in  their  quality  and  culinary  taste. 

Root-knot  nematode,  Meloidogyne  spp.  cause  malformation  and  reduction  in 
size  of  tubers.  It  is  found  infecting  the  root  and  tuber  in  large  numbers. 

The  scale  insect  can  be  controlled  in  the  field  by  the  use  of  pest  free  seed  tubers 
and  dipping  of  seed  tubers  before  planting  in  0.1%  Monocrotophos  if  scale 
infestation  was  noted  during  storage.  Use  of  nematode  free  tubers  for  propagation 
effectively  reduces  field  infestation.  Fallowing  of  land  meant  for  yam  cultivation 
also  reduces  nematode  infection. 

Diseases 

Many  fungal  and  virus  disease  have  been  observed  in  edible  yams  at  various 
stages  of  growth  and  production.  Information  available  on  the  diseases  of  yam  is 
rather  very  meagre  compared  to  other  tuber  crops. 

Among  the  fungal  diseases,  anthracrose,  cercospora  leaf  spot,  curvularia  leaf 
spot,  leaf  blight  and  dry  rot  in  storage  are  important  ones.  In  the  case  of  virus 
disease,  yam  mosaic  disease  is  reported. 

Anthracrose  of  yams  is  caused  by  Colletotrichum  gloeosponoides.  This  disease 
was  first  found  in  Rajasthan  in  devastating  form  and  responsible  for  70-80%  loss 
in  yield  under  favourable  climatic  conditions.  This  disease  is  now  widespread  and 
occurs  every  year  on  all  Dioscorea  spp.  but  in  severe  form  only  in  D.  alata.  The 
initial  symptoms  appear  as  brown  pin-head  like  spots  on  the  leaves  and  stems, 
upon  coalesce  providing  glazed  black  colour  to  the  stem  which  gives  charred 
appearance.  In  advanced  stages  leaves  and  stems  completely  dry  up  resulting  in 


425 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


total  failure  of  tuber  formation.  Infected  plant  debris  serves  as  a  primary  source  of 
inoculum  and  secondary  spread  is  through  air-dispersal  of  conidia.  Removal  of 
plant  debris  from  field,  clean  cultivation  and  growing  field  tolerant  lines  will  help 
in  combating  this  disease. 


Asparagus 

(Asparagus  officinalis  L.) 

D  Veeraragavathatham,  S  Natarajan  and  R  S  Azliakiamanavalan 

Asparagus  is  a  herbaceous  perennial  and  is  grown  in  large  areas  in  countries  like 
USA,  Germany,  Spain  and  France,  while  India’s  contribution  is  meager.  The  tender 
shoots  called  ‘spears’  are  used  as  vegetables  and  in  preparation  of  soup.  It  is  also 
eaten  as  salad.  The  canned  and  frozen  spears  are  also  used  as  processed  foods.  The 
tender  shoots  contain  a  white  crystalline  substance,  asparagine,  which  is  used  in 
medicine  as  diuretic  in  cardiac  dropsy  and  chronic  gout.  It  has  a  good  potential  for 
export  as  fresh  vegetable. 

Origin,  distribution  and  botany 

The  origin  of  asparagus  is  temperate  Europe  and  Asia,  where  it  has  been  in 
cultivation  for  over  2,000  years.  It  was  an  introduction  in  other  countries  and  is  an 
important  commercial  crop  in  America.  Asparagus  (Asparagus  officinalis  L.)  belongs 
to  the  family  Liliaceae  and  has  at  least  150  species  native  to  Europe,  Asia  and 
Africa.  In  India  nearly  17  species  have  been  reported. 

Asparagus  is  a  perennial  dioecious  herb  with  erect  branches  and  growing  to  a 
height  of  l-3m.  The  roots  are  tuberous,  occur  horizontally  inside  the  soil  and 
serve  as  storage  organs.  The  leaves  are  narrow  and  needle-like.  The  crown  is  made 
up  of  roots  and  rhizomes.  The  aerial  stem  (spear)  arises  from  a  bud  on  the  rhizome. 
The  male  flowers  are  yellowish-green  and  conspicuous,  while  female  flowers  are 
less  conspicuous.  The  male  and  female  plants  are  separate  and  the  female  plants 
produce  berries  with  one  to  three  seeds  per  fruit. 

The  main  objectives  of  asparagus  breeding  are  development  of  male  hybrids, 
fusanum  and  rust  resistance,  improved  spear  quality-high  yielding  ability  and 
adaptability.  Male  plants  yield  more  and  live  longer  than  female  plants  and  are 
comparatively  more  disease  resistant.  The  asparagus  varieties  can  be  grouped  into 
green,  which  are  more  popular  and  produced  mainly  for  fresh  market  and  light- 
green  or  white,  which  are  used  in  processing.  Martha  Washington,  Mary  Washington, 
Reading  Giant,  Palmetto,  Colossal,  Argenteml,  Berr’s  Mammoth,  Mammoth  White, 
Jersey  Queen,  Jersey  Giant,  New  jersey,  Improved  Perfection,  UC  72,  UC  66,  SL 
831,  Limbrass  22,  Limbrass  126  and  Lucullas  1813J  are  the  asparagus  varieties 
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grown  in  different  countries.  Being  a  dioecious  crop  with  male  and  female  plants, 
cross  pollination  is  the  rule  and  the  cultivars  should  be  grown  in  isolation  to  maintain 
the  genetic  purity. 

Climate  and  soil 

Asparagus  prefers  sandy-silt  loam  or  alluvial  soils  with  high  organic  matter.  The 
optimum  pH  is  6.0-7. 5.  The  soil  should  be  deep  with  good  drainage.  It  is  a  temperate 
crop  and  requires  a  temperature  range  of  15.5°-23.8°C  for  most  of  the  growing 
season  for  spear  production.  A  lower  temperature  is  necessary  for  about  60-90 
days  during  dormant  season.  It  tolerates  frost  to  some  extent.  Continuous  freezing 
temperatures,  however,  are  harmful.  For  economic  yields,  an  elevation  of  above 
1,000m  is  ideal. 

Seeds  and  sowing 

Asparagus  is  propagated  through  seeds  or  crowns.  Three  to  four  kilograms  of 
seeds  would  be  required  to  raise  seedlings  for  planting  one  hectare.  On  well  prepared 
raised  nursery  beds,  seeds  pre-soaked  for  3—5  days,  are  sown  in  lines  15— 20cm 
apart  at  a  depth  of  1.5-2cm.  After  germination,  seedlings  are  thinned  to  a  spacing 
of  5-7cm  between  the  plants  within  the  row.  The  sowing  is  done  during  March- 
May  in  hills  and  July-November  in  plains  and  the  seeds  germinate  in  3-4  weeks. 

CROP  PRODUCTION 

The  main  field  is  prepared  by  ploughing  2-3  times  after  incorporating  30-40 
tonnes  of  farmyard  manure/ha.  Ridges  and  furrows  are  formed  at  a  distance  of 
100-1 50cm  with  a  furrow  depth  of  20-35cm.  The  seedlings  or  crowns  are  planted 
at  a  spacing  of  45-60cm.  The  planting  of  crowns  is  deeper  (20-35cm)  in  sandy 
soils  than  clayey  soils  (15-20cm).  After  planting,  the  furrows  are  filled  with  soil  so 
as  to  cover  the  crowns  to  a  height  of  2-3cm.  The  seeds  can  also  be  sown  directly 
on  the  sides  of  the  ridges.  A  basal  dose  of  20-30kg/ha  N,  80-100kg/ha  P,  and  60- 
80kg/ha  K  is  applied.  The  seedlings  are  transplanted  after  7-12  months.  Crowns 
taken  from  one-year-old  plants  can  also  be  used  for  planting.  Well  grown  crowns 
of  good  size  containing  large  buds  are  selected,  separated  from  mother  plants 
before  buds  sprout  and  planted  with  in  a  few  hours. 

Irrigation  and  weed  management 

The  first  irrigation  is  given  at  the  time  of  planting  and  thereafter  at  10-15  day 
intervals.  The  water  is  allowed  to  stand  in  furrows  to  facilitate  percolation.  Excess 
irrigation  should  be  avoided  and  proper  drainage  provided.  Under  temperate 
conditions,  the  crowns  become  dormant  during  winter  and  formation  of  spears 
starts  in  the  beginning  of  spring.  In  mild  climatic  conditions,  the  dormancy  is  not 
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distinct.  Weeds  between  the  rows  can  be  kept  under  control  by  shallow  hoeing  so 
that  the  young  sprouts  are  not  damaged.  Pre-emergence  applicadon  of  metribuzin 
1  kg/hectare  in  direct  sown  asparagus  and  early  post-emergence  is  recommended 
for  control  of  broad-leaved  weeds. 

Blanching 

Mounding  the  soil  to  a  height  of  25-30cm  over  the  rows  is  practiced  to  blanch 
the  young  spears  and  get  ‘white  asparagus’  for  canning.  After  harvesting  the  green 
asparagus  sent  for  fresh  market,  blanching  is  normally  done  to  produce  white 
asparagus. 

Harvest 

The  aerial  shoots  called  spears  arise  from  the  buds  on  the  rhizome  six  months 
after  planting  of  crowns  or  seedlings.  The  spears  should  not  be  harvested  up  to 
one  year  after  planting  the  crown,  because  of  active  growth  of  root  system  and 
rhizome  during  this  period.  The  production  of  spears  is  at  the  expense  of  food 
stored  in  the  roots  during  the  previous  year  and  as  such  sufficient  time  should  be 
allowed  for  storage  of  food  material.  The  first  cutting  should  be  done  two  years 
after  planting.  In  one  year,  the  cutting  season  should  be  restricted  to  a  limited 
period  of  2-3  weeks  in  the  first  cutting  and  8-12  weeks  in  the  subsequent  years  of 
regular  harvesting.  Well  grown  spears  are  cut  with  a  knife  called  ‘asparagus  knife’, 
which  has  a  wide  chisel-like  blade.  By  holding  the  tips  of  the  spears  in  the  left 
hand,  the  knife  is  pushed  down  at  an  angle  of  45°C  to  the  spear  to  cut  it  off  below 
the  ground  surface.  The  height  below  the  ground  surface  should  be  more  when 
white  asparagus  is  produced  and  vice-versa  for  green  asparagus.  Care  should  be 
taken  while  cutting  so  that  the  young  adjacent  sprouts  are  not  damaged.  Crooked 
and  curved  spears  are  rejected.  The  average  yield/year  is  1. 2-3.0  tonnes/ha. 

Post-harvest  handling 

After  harvest,  they  are  made  into  bunches  and  carried  to  sheds,  where  grading, 
trimming,  washing  and  packing  in  crates  are  done.  After  packing,  they  are  sent  to 
the  markets.  The  spears  can  be  stored  at  0°C  and  90%  relative  humidity  for  a 
period  of  3-4  weeks.  Spears  stored  in  wet  tissue  paper  may  keep  fresh  and  firm 
even  after  13-16  days  of  storage.  At  room  temperature,  the  spears  become  tougher 
if  stored  even  for  a  short  time.  While  packing  in  crates  and  during  transport,  the 
cut  end  is  kept  wet  either  by  placing  in  a  pan  of  water  or  a  pad  of  wet  moss. 
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Globe  Artichoke 
(Cynara  scolymus  L.) 

D  Veeraragavatliatham,  S  Natarajan  and  R  S  Azeiakiamanavalan 

Globe  artichoke  commonly  known  as  artichoke  is  a  herbaceous  perennial  in  which 
the  globular  immature  flower  heads  or  buds  are  used  as  vegetable.  The  small  heads 
are  eaten  raw  or  cooked,  while  large  heads  are  eaten  only  after  cooking.  The  thick 
receptacle  known  as  heart  is  used  for  canning.  The  flower  heads  are  considered 
useful  in  the  dietary  of  diabetics.  The  leaves  are  bitrer  and  considered  to  be  useful 
in  dropsy  and  rheumatism. 

Origin,  distribution  and  botany 

The  globe  artichoke  is  said  to  have  originated  from  the  Mediterranean  region. 
Wild  form  and  wide  range  of  variation  occur  in  southern  Europe  and  northern 
Africa.  It  belongs  to  the  family  Asteraceae  and  the  genus  Cynara.  There  are  about 
12  species,  of  which  Cynara  scolymus  L.  is  valued  as  a  vegetable  crop. 

Globe  artichoke  is  a  perennial  herb  reaching  a  height  of  1-1. 5m.  The  shoots 
produce  a  rosette  of  deeply  cut  pinnatifled,  wooly  leaves  of  5— 8cm  long.  The  flowers 
are  borne  terminally  on  the  main  stem  and  laterals.  Ihe  edible  portion  consists  of 
immature  tender  bases  of  scale-like  leaves  as  well  as  receptacle  or  fleshy  base  upon 
which  the  flower  buds  are  borne.  These  heads  range  from  2.5-10. Ocm  in  diameter. 
The  flower  head  is  large  and  composed  of  many  florets  which  are  fertile.  The 
above  ground  portion  dies  every  year  during  winter  and  the  crown  of  individual 
plant  decays  after  a  year’s  growth.  New  growth  emerges  in  spring  renewed  by 
offshoots  from  the  rootstocks.  Very  little  work  has  been  done  on  crop  improvement 
and  it  is  considered  a  largely  unexploited  genetic  source.  Green  globe  and  Purple 
globe  are  popular  cultivars,  while  fresh  market  cultivars  like  Violet  de  Provence, 
Catanese  and  Spinosa  Sarda  and  processing  varieties  like  Bianco  Tarantino  and 
Precoce  di  Jesi  are  also  under  cultivation.  Other  cultivars  include  Bull,  Tudella, 
E  15,  Bnndisino  and  Romonesco. 

Climate  and  soil 

Globe  artichoke  grows  on  many  types  of  soil  but  deep,  sandy,  well-drained  soil 
with  adequate  organic  matter  is  ideal.  The  optimum  soil  pH  is  6—7.5.  It  is  a  cool 
season  crop  that  can  be  grown  successfully  at  a  temperature  of  12°-18°C.  The 
temperature  above  22°C  results  in  tough  buds  and  tendency  to  spread.  The  roots 
can  tolerate  and  survive  freezing  temperatures,  while  aerial  portions  are  injured.  A 
light  frost  may  not  destroy  the  edible  quality  of  the  bud,  but  causes  blistered 
appearance,  which  will  affect  the  marketability.  Freezing  temperature  (-2°  to  1°C) 
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prior  to  harvest  kills  the  buds  and  above  ground  growths.  This  will  result  in  delayed 
harvest  up  to  6-8  weeks. 

Propagation  and  planting 

The  plants  are  propagated  by  seeds  or  by  suckers  or  off-shoots  from  the  older 
plants  in  November  and  stored  in  cool  moist  place  to  prevent  drying  till  February. 
Sometimes  even  the  old  crown  is  split  into  several  pieces  each  with  a  stem.  Plants 
raised  from  seeds  are  highly  variable  and  thus  less  popular.  Hence  uniform  crops 
can  be  raised  from  suckers  or  off-shoots  obtained  from  selected  plants.  The  suckers 
or  off-shoots  are  removed  when  they  are  30-45cm  high.  For  seed  propagation, 
raised  seed  beds  are  prepared,  seeds  broadcast  and  seedlings  of  10-12.5cm  height 
are  used  for  planting. 

Field  preparation,  manuring  and  irrigation 

The  field  is  brought  to  fine  tilth  by  repeated  ploughings  and  beds  or  ridges  are 
formed  at  a  spacing  of  2.4m.  A  basal  dose  of  25  tonnes  of  farmyard  manure  and 
60-100kg/ha  of  N,  50-60kg/ha  of  P  and  150-200kg/ha  of  K  are  applied.  The 
planting  of  suckers  or  off-shoots  is  taken  up  along  the  rows  at  a  spacing  of  1.8m 
during  February-March,  when  they  come  out  of  dormancy  and  start  new  growth. 
The  plants  are  set  at  a  depth  of  15-20cm. 

A  soaking  irrigation  is  given  at  the  time  of  planting  and  in  early  stages  frequent 
irrigations  are  necessary  for  good  establishment  of  crop.  After  each  irrigation, 
interspaces  between  the  rows  are  hoed  for  control  of  weeds.  Application  of 
Tnfluralin  1.2kg  +  Diuron  lkg/ha  before  planting  gives  good  control  of  broad 
leaved  grass  weeds.  Since  the  crop  stands  in  the  field  for  6-7  years,  after  each 
harvest  the  leaves  and  stems  are  cut  off  below  the  ground  level  and  allowed  to 
decompose  in  the  soil. 

Harvest  and  post-harvest  handling 

Plants  grown  from  seeds  come  to  bearing  in  about  8  months,  while  in  plants 
raised  from  suckers,  the  first  harvest  commences  6-7  months  after  planting.  The 
harvest  season  starts  from  September-October.  A  mature  plant  will  produce  12  or 
more  stems  and  40-50  edible  buds.  The  harvest  continues  throughout  the  winter 
season.  The  buds  are  selected  for  harvest  on  the  basis  of  compactness,  size  and 
age.  Buds  which  are  old  and  compact  become  fibrous  and  inedible.  Though  each 
stem  has  several  buds,  the  terminal  one  is  the  most  desirable.  Each  bud  is  cut  along 
with  2-2. 5cm  long  stem.  The  buds  can  be  stored  at  0°C  and  90-95%  relative 
humidity  for  a  period  of  3-4  weeks.  Precooling  of  buds  at  5°C  is  practiced  to 
achieve  lesser  weight  loss,  discoloration  and  incidence  of  decay  than  buds  that  are 
not  precooled.  The  average  yield  is  10-12  tonnes/ha. 
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Rhubarb 

(Rheum  rhaponticum  L.) 

D  Veeraragavathatham,  S  Natarajan  and  R  S  Azeiakiamanavalan 

Rhubarb  is  a  perennial  vegetable.  The  economic  part  is  the  large  thick  leafstalk  or 
petiole.  They  are  used  for  sauces  and  pies.  The  plant  is  a  herbaceous  perennial  with 
large  fleshy  underground  rhizome  having  a  fibrous  root  system. 

Origin,  distribution  and  botany 

Rhubarb  is  a  native  of  temperate  Asia,  probably  Siberia,  introduced  into  Europe 
probably  in  1608.  It  was  first  grown  in  Italy.  During  late  18th  century  it  was 
introduced  in  USA.  The  genus  Rheum  contains  about  25  species.  Small  greenish- 
white  flowers  are  borne  in  panicles,  which  emerge  successively.  Since  they  are 
protandrous,  self-pollination  within  a  flower  does  not  take  place.  Lower  flowers 
are  fertilized  by  pollen  from  upper  flowers. 

Only  a  few  varieties  are  available  in  rhubarb.  The  oldest  varieties  are  Victoria 
and  Linnaeus.  New  varieties  alternative  with  red  stalk  likes  Me  Donald,  Ruby 
Valentine  and  Sunrise,  Strawberry  and  Cherry  Red  are  also  popular. 

Climate  and  soil 

Rhubarb  is  a  cold  resistant  plant.  Under  a  mild  winter  coupled  with  rainless 
summer,  the  plant  exhibits  the  habit  of  dormancy  during  summer  and  grows  well, 
during  winter  and  spring  season.  When  the  winter  is  severe  and  summer  is  mild, 
the  plant  enters  into  dormancy  during  freezing  winter  but  grows  during  summer 
and  spring.  The  critical  low  temperature  would  be  3.3°C  below  which  the  vegetative 
parts  of  the  plants  are  killed.  Similarly  when  the  temperature  goes  above  23.9°C 
during  summer  and  below  4.5°C  during  winter  the  plant  does  not  grow  well.  If  the 
temperature  is  optimum  and  provided  the  crop  is  irrigated,  dormant  period  does 
not  seem  to  be  essential  and  the  plant  grows  throughout  the  year.  A  well-drained 
loamy  soil  with  good  organic  matter  would  be  the  most  ideal  soil  for  rhubarb. 
Though  it  tolerates  soil-acidity  to  certain  extent  neutral  soil  would  be  the  best  for 
the  growth. 

Propagation  and  planting 

Though  rhubarb  can  be  propagated  through  seeds,  it  is  not  recommended,  as 
the  seeds  do  not  give  rise  to  true-to-type  plants.  However,  the  seed  propagation  is 
used  in  development  of  new  varieties.  It  is  propagated  by  the  division  of  crowns. 
Each  crown  should  contain  good  strong  buds.  Where  the  freezing  temperatures 
are  common,  the  crowns  are  planted  during  spring.  Where  the  temperature  is  not 
freezing,  the  crowns  are  planted  in  autumn.  The  crowns  with  buds  are  planted 
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5cm  below  the  soil  surface.  Soil  is  firmed  around  the  root  but  that  around  the  bud 
is  left  loose.  A  spacing  of  1.2m-1.8m  has  to  be  given  between  rows  and  the  spacing 
between  plants  within  a  row  has  to  be  0.6m-1.2m. 

Manures  and  manuring 

Soil  with  low  organic  matter  should  be  supplied  with  well  rotten  organic  manure 
@  50  tonnes/ha  before  ploughing.  It  has  to  be  supplemented  with  100-1 50kg  of 
each  NPK. 

During  first  year  the  nutrients  are  incorporated  in  to  the  soil  just  before  planting 
in  the  bottom  of  the  furrows. 

Intercultivation 

Weeds  to  be  controlled  by  frequent  shallow  cultivation  before  sprouting.  If 
weeds  have  to  be  removed  after  sprouting,  care  should  be  taken  to  avoid  injury  to 
buds. 

Plant  protection 

Snout  beede  causes  damage  to  the  plants  by  boring  into  stalk.  Handpicking  and 
destruction  of  adults,  burning  the  infested  plants  will  keep  this  pest  under  check. 
Foot  rot  or  Crown  rot  is  a  serious  disease  caused  by  fungus.  This  attacks  the  base 
of  the  stalks.  Removal  and  destruction  of  diseased  plants  and  spraying  the  base  of 
healthy  plants  with  copper  fungicide  will  give  a  good  control.  Use  of  disease-free 
planting  material  and  crop  rotation,  viz.  planting  on  land  in  which  the  rhubarb  has 
not  been  grown  for  3-4  years  will  keep  the  disease  under  check. 

Harvesting 

Rhubarb  is  harvested  from  the  second  year  of  planting.  During  harvesting  the 
stalks  are  pulled  (they  are  not  cut)  and  then  the  leaf  blades  are  cut  off.  Harvesting 
can  be  done  for  a  period  of  8-10  weeks  every  year.  The  plants  can  be  retained  in 
the  field  for  about  10-12  years.  When  they  are  very  much  crowded  and  the  leaf 
stalks  have  become  small,  the  plants  can  be  uprooted  from  the  field.  The  stalks  are 
then  washed  with  water  and  then  tied  in  bunches  of  0.5kg  for  local  market. 

Forcing 

Production  of  rhubarb  stalks  during  the  winter  is  called  ‘forcing  of  rhubarb’  in 
regions  where  the  climate  is  suitable  for  production  of  vigorous  crowns.  The  roots 
of  three-year-old  plants  dug  out  late  in  the  fall  are  left  outside  for  two  weeks  till 
they  are  frozen  thoroughly.  A  thin  layer  of  soil  is  spread  to  prevent  evaporation  of 
moisture.  The  freezing  is  to  allow  the  buds  to  be  in  rest  period.  These  frozen  roots 
are  then  taken  in  to  hot  beds  in  specially  constructed  forcing  structure  or  in  any 
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dark  or  semi-dark  locations  where  moderate  temperatures  can  be  maintained.  Since 
light  is  not  desirable  the  windows  if  any  in  the  forcing  structure  should  be  covered 
to  exclude  light.  Now  the  buds  are  allowed  to  sprout.  Under  dark  or  semi-dark 
conditions  the  stems  develop  a  rich  pink  or  red  colour  and  good  quality.  The 
expansion  of  leaf  blade  is  very  little.  Hot  water  furnaces  can  supply  heat.  The 
optimum  temperature  for  proper  development  of  stalks  would  be  15.6°C.  The 
quality  and  colour  being  very  attractive.  At  10°C  the  growth  will  be  poor.  The 
crowns  are  placed  on  the  floor  of  the  forcing  structure  as  close  together  as 
practicable  and  covered  with  5— 7.5cm  of  soil.  For  every  distance  of  1.5— 2.0m  a 
walking  space  can  be  provided  to  facilitate  easy  harvest  of  stalks.  By  the  high 
temperature  the  crowns  sprout  and  the  stalks  grow  out.  When  they  reach  a  length 
of  45cm  they  can  be  harvested,  packed  and  sent  to  market. 


Chow-chow 
[Sechium  edule  (Jacq)] 

S  Thamburaj 

Chow-chow  is  a  single  seeded  fruit  belonging  to  the  Cucurbitaceous  family.  The 
cultivated  species  Sechium  edule  (Jaacq)  is  native  of  humid  tropical  regions  of  central 
America  and  the  Carnbean.  Chow-chow  is  cultivated  on  a  large  scale  in  the  lower 
Palam  hills  of  Madurai,  Dindigul  and  the  Nilgins  districts  in  Tamil  Nadu  at  elevations 
of  850-1 ,700m  as  a  initial  shade  crop  for  coffee.  It  is  also  grown  in  certain  parts  of 
Karnataka.  Unripe  fruits  are  used  as  vegetable. 

Food  value  and  uses 

Chow-chow  is  the  richest  among  gourds,  in  nutritive  value  particularly  in 
carbohydrate  (6.3%)  and  calorific  value. 

Botany 

It  is  a  perennial  creeper  with  annual  vine  growth  habit.  The  stem  is  longitudinally 
furrowed  and  thick  at  base.  The  leaves  are  broadly  ovate.  The  vine  bear  large 
tendrils  which  act  as  support.  Flowers  are  monoceious  or  unisexual.  Male  flowers 
are  peduncled  in  clusters  and  female  flowers  solitary,  usually  four  in  number 
produced  on  the  axils  of  leaves.  The  flowers  are  light  to  cream-yellow  in  colour. 
The  fruit  is  light-green  or  dark-green,  fleshy,  purification  and  has  longitudinal 
furrow.  The  surface  of  the  fruit  is  prickly  and  wrinkled  with  5-7  ridges.  The  flesh 
is  white  in  colour.  Fruit  has  deep  fissure  at  the  blossom  end,  which  is  the  site  for 
seed.  The  seed  is  large,  flat  and  white  with  3-5cm  length.  The  fruit  is  vivipary  in 
nature. 
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Climate  and  soil 

The  crop  thrives  best  at  a  temperature  range  of  18°-22°C,  which  is  commonly 
prevalent  at  higher  attitudes  like  1,200-1, 500m.  In  the  plains,  where  the  temperature 
is  moderate  during  winter  season,  the  crop  is  cultivated.  Chow-chow  is  highly 
sensitive  to  frost.  A  rich  well  drained  loamy  soil  with  sufficient  moisture  and  high 
organic  matter  will  be  ideal  to  grow  chow-chow. 

Varieties/types 

In  chow-chow,  there  are  no  named  varieties  and  the  available  types  are  known 
based  on  fruit  shape  and  colour.  Round  White,  Long  White,  Pointed  Green,  Broad 
Green  and  Creamy  Green  are  grown.  In  North  East  India,  the  cultivated  types 
exhibit  minor  variations  only  in  the  fruit  shape. 

Propagation 

Chow-chow  is  usually  propagated  by  means  of  the  sprouted  fruits,  which  show 
viviparous  germination. 


CROP  PRODUCTION 

Pits  of  45cm3  are  dug  at  a  spacing  of  2.4  x  1.8m.  Each  pit  is  filled  with  manures 
and  fertilizers  mixed  with  top  soil.  Fully  matured  sprouted  fruits  are  collected 
from  high  yielding  vines  and  2-3  such  fruits  are  planted  in  each  pit  during  April- 
May  in  hills  and  July-August  in  plains  and  these  pits  are  irrigated  after  planting. 
The  sprouted  fruits  produce  new  shoots  in  8-10  days.  Weeding  and  hoeing  are 
done  wherever  necessary.  When  the  plants  start  putting  forth  viny  growth,  they 
are  staked.  The  shoots  are  tied  with  a  jute  thread  or  coir  rope  so  that  they  can  reach 
the  bower  or  pandal,  which  are  erected  overhead  at  a  height  of  two  meters  from 
the  ground  level.  Then  the  shoots  are  trained  on  the  pandals.  Hoeing  and  weeding 
are  done  as  and  when  necessary.  The  vines  start  flowering  3—4  months  after  planting. 
At  this  stage,  each  pit  is  to  be  supplied  with  200g  of  urea  and  irrigated.  In  5-6 
months,  the  vines  cover  the  pandal  and  start  yielding  the  fruits.  In  places,  where 
mild  climate  prevails  as  in  Bangalore,  the  crop  bears  fruits  continuously  and  hence 
they  are  not  pruned.  In  other  regions  from  the  second  year  onwards  the  crop  can 
be  pruned.  In  hills,  the  vines  are  pruned  back  to  ground  level  in  January  every  year. 
The  plants  will  sprout  after  winter  and  the  fruits  will  be  available  from  July- 
December.  In  Maharastra,  the  vines  are  pruned  at  a  height  of  1.0-1. 5m  from  the 
ground  level  during  December  and  again  during  May  and  thus  two  crops  are 
obtained,  i.e.  one  after  winter  pruning  and  another  after  summer  pruning.  After 
each  pruning  the  recommended  fertilizers  are  applied  and  again  top  dressed  with 
nitrogen  during  flowering. 
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Manuring 

Each  pit  is  filled  with  manures  and  fertilizers  of  10kg  farmyard  manure,  250g  of 
urea,  500g  each  of  super  phosphate  and  muriate  of  potash  mixed  with  top  soil.  In 
Maharashtra,  application  of  950g  ammonium  sulphate  and  450g  of  super  phosphate 
is  recommended  per  vine  to  be  given  in  two  doses  before  flowering.  In  the  Nilgins, 
each  pit  received  the  application  of  farmyard  manure  at  10kg  per  pit  along  with 
50g  of  ammonium  sulphate  at  planting  and  again  same  quantity  six  months  later. 
These  applications  are  repeated  in  the  second  and  third  years. 

Irrigation 

The  crops  in  Pannaikadu  and  Kodaikanal  in  Tamil  Nadu  region,  are  not  irrigated 
but  grown  under  rainfed  conditions.  Chow-Chow  requires  large  quantities  of  water 
and  should  be  copiously  irrigated  in  regions  of  low  rainfall  and  during  periods  of 
drought.  A  constant  and  copious  supply  of  water  is  essential  for  good  growth  and 
at  no  stage  must  the  plants  be  allowed  to  have  moisture-stress. 

Plant  protection 

Major  pests  that  infest  the  chow-chow  are  pickle  worm,  (Diaphania  nitidalis), 
spotted  cucumber  beetle  (. Diabrotica  undecimpunCtata  Howardi)  and  striped 
cucumber  beede  (Acolymma  vittata  and  A.trivittatd).  These  pests  can  be  effectively 
controlled  by  dusting  with  0.75%  roteone  dust.  Destroying  spoiled  fruits  and  vines 
by  pruning  is  recommended. 

Harvesting  and  yield 

The  peak  season  of  harvest  is  between  October-December  and  May-June.  The 
yield  ranges  from  25-35  tonnes/ha.  The  vines  yield  good  crops  for  three  to  four 
years  and  moderate  crop  for  another  two  years.  After  5-6  years  of  planting,  the 
vines  are  removed  and  fresh  planting  is  resorted  to. 


Curry  leaf 

( Murraya  koenigi  Spreng) 

S  Thamburaj 

Curry  leaf  is  an  important  perennial  tree  vegetable  cum  spice  crop  of  India.  It  is  an 
under  exploited  crop.  The  leaves  are  widely  used  in  Indian  cookery  for  flavouring 
foodstuff.  The  leaves  have  slightly  pungent,  bitter  and  feebly  acidic  taste  and  they 
retain  their  flavour  and  other  qualities  even  after  drying.  Ground  curry  leaf  with 
mature  coconut  kernel  and  spices  form  an  excellent  preserve.  Curry  leaf  is  also 
used  in  many  of  the  Indian  Ayurvedic  and  Unani  prescriptions.  It  has  many  industrial 
values  and  medicinal  uses. 
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Food  value  and  uses 

Since  the  leaves  are  widely  used  for  food  flavouring  in  curry  preparation,  hence 
the  name  curry  leaf.  Curry  leaf  is  used  in  many  Ayurvedic  and  Unam  prescriptions. 
Its  leaves,  roots  and  bark  are  credited  with  tonic,  stomachic  and  carminative 
properties.  Leaves  are  reported  to  cure  piles  and  allay  heat  of  body.  The  green 
leaves  are  said  to  be  eaten  raw  for  treatment  of  dysentery.  External  applicauon  of 
pulped  bark  and  root  is  reported  to  relieve  eruptions  and  bites  of  poisonous  animals. 
An  infusion  of  toasted  leaves  is  used  to  stop  vomiting.  The  tribal  people  of  India 
use  its  ground  bark  for  a  drink  and  they  rub  the  bark  on  the  bitten  limp  as  a  snake 
bite  remedy.  The  powdered  leaf  is  used  to  aid  in  healing  of  fresh  cuts  and  decocdon 
of  the  leaves  is  drunk  for  dropsy. 

Fresh  leaves,  steam  distilled  under  pressure,  yield  a  volatile  oil  (curry  leaf  oil) 
which  is  used  as  a  fixative  heavy  type  of  perfume.  The  dried  curry  leaf  powder  is  a 
good  spice  powder  for  use  in  the  food  stuff  preparation.  It  is  also  being  exported. 
Fresh  leaves  on  a  steam  distillation  under  high  pressure  (901b/sq.  inch)  yield  2.6% 
volatile  oil  which  is  used  as  fixative  for  heavy  type  of  soap  and  perfume.  Rectified 
leaf  oil  is  deep-yellow  in  colour  with  a  strong  spicy  odour  and  pungent  clove  like 
taste.  A  volatile  oil,  a  crystalline  glucoside  ‘Ksenigin’  from  the  leaves  and  Murayin 
from  the  flowers  are  industrial  products. 

Origin  and  distribution 

Originated  in  the  Tarai  tract  of  Uttar  Pradesh,  it  grows  up  to  an  elevation  of 
1,500m  and  is  widely  distributed  in  India,  Burma,  Ceylon,  China,  Pakistan,  Australia 
and  Pacific  islands.  Curry  leaf  is  a  self-pollinated  crop  and  variability  is  much  limited. 
Two  related  species  of  Murraya  koenigii  are  M.  paniculate  indigenous  to  Burma 
and  M.  exotica  an  ornamental  shrub  indigenous  to  India,  Ceylon  and  Burma.  Curry 
leaf  is  found  to  grow  wild  along  the  foot  hills  and  plains  of  Himalayas  from  Kumaon 
to  Sikkim.  Curry  leaf  is  grown  on  large  scale  in  Bengal,  Assam,  Deccan  plateau, 
western  ghats,  Tamil  Nadu,  Karnataka  and  Kerala.  In  addition,  it  is  a  crop  of  every 
homestead.  It  is  cultivated  in  Coimbatore,  Salem  and  Trichirapalli  districts  of  Tamil 
Nadu  on  a  commercial  scale. 

Botany 

It  is  an  aromatic  tree  growing  to  a  height  of  6m.  Its  stem  is  slender  and  strong. 
The  branches  are  covered  with  dark-grey  bark.  The  leaves  are  imparipinnate,  leaflets 
9-25  ovate,  lanceolate,  almost  glabourus  above  and  pubescent  below.  The  leaves 
are  gland  dotted  and  strongly  aromatic.  Flowers  are  terminal  corymbose  cymes. 
The  berries  are  subglobose  or  ellipsoid,  purplish  black  when  ripe  and  two  seeded. 
The  roots  are  woody,  widely  spread  and  produce  many  suckers.  The  tree  bears 
flower  from  February-May. 


436 


PERENNIAL  VEGETABLES 


Climate  and  soil 

Curry  leaf  is  well  grown  in  warm  climate.  Though  it  can  be  cultivated  in  a  wide 
variety  of  soil,  red  loamy  soil  with  high  organic  matter  is  best  suited  for  its  cultivation. 
It  can  tolerate  maximum  temperature  up  to  26°— 37°C.  When  the  temperature  falls 
down  to  16  C,  the  vegetative  buds  become  dormant  arresting  the  new  growth  of 
the  plant. 

Varieties 

DWD  1  (Suwasilli):  It  was  evolved  at  University  of  Agricultural  Sciences, 
Dharwad.  It  is  a  clone  of  single  plant  root  suckers.  The  leaves  are  dark-green 
(0.1629mg  of  chlorophyll  content  per  gram  of  fresh  leaf)  shiny  and  highly  aromatic. 
It  is  sensitive  to  low  temperature  in  winter  season  and  hence  the  bud  burst  is  poor. 
The  leaves  have  an  oil  content  of  5.22%  and  can  be  dehydrated  at  50°C  without 
loss  of  quality  and  made  into  powder. 

DW 2.  It  was  evolved  at  UAS,  Dharwad.  It  is  a  seedling  progeny  of  unknown 
source.  The  leaves  are  slightly  pale-green  and  less  aromatic.  It  is  not  very  sensitive 
to  low  temperature  and  much  superior  in  number  of  bud  burst,  internodal  length 
and  8  times  higher  in  growth  of  shoot  than  DWD  1. 

In  addition  to  these  two  varieties,  there  are  few  ecotypes  under  cultivation  in 
South  India.  In  Tamil  Nadu,  ‘Senakambu’  (red  petioled)  is  a  local  type  and  the 
leaves  have  better  aroma  and  flavour  due  to  higher  oil  content.  There  are  two  types 
of  curry  leaf,  viz.  broad  leaved  and  small  leaved  types.  The  small  leaved  types  are 
more  fragrant  and  hence  used  for  extraction  of  essential  oil. 

Propagation  and  rootstock 

Curry  leaf  is  propagated  through  seeds.  Polyembryony  has  been  reported  in 
curry  leaf  and  about  14%  of  the  fruit  contains  two  seeds  per  fruit  and  such  seeds 
are  separated  by  a  thin  papery  seed  coat.  On  removal  of  the  seed  coat,  differentiated 
embryos  of  4—5  are  recorded.  When  embroys  are  separated  out  and  planted,  they 
are  capable  of  developing  into  a  potential  plant.  When  whole  seeds  are  planted, 
the  weaker  embryos  are  powered  by  the  bigger  ones  producing  only  two  seedlings 
per  fruit.  The  seeds  are  to  be  sown  in  the  raised  nursery  bed  (one  meter  breadth 
and  any  length)  well  prepared  by  mixing  equal  parts  of  sand,  red  soil  and  farmyard 
manure.  Seeds  can  also  be  sown  in  polybags  filled  with  this  mixture.  Harvest  well 
ripe  fruits  from  the  selected  high  yielding  mother  tree.  Normally  fruits  for  seed  are 
available  during  July-August  in  Tamil  Nadu.  Each  fruit  contains  2-3  seeds.  Seeds 
are  to  be  extracted  and  sown  immediately.  If  it  is  nursery  bed,  sow  the  seed  uniformly 
in  tines  of  10cm  apart  at  a  depth  of  1cm.  Two  seeds  can  be  sown  in  polybags.  The 
seeds  will  germinate  in  about  three  weeks.  Irrigate  the  nursery  bed  to  maintain 
optimum  moisture.  Keep  the  nursery  free  from  weeds.  The  seedlings  are  ready  for 
transplanting  in  one  year. 
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Plough  the  field  3-4  times  to  get  a  fine  tilth.  Apply  farmyard  manure  at  20  tonnes/ 
ha.  Dig  pits  of  30  X  30  x  30cm  at  a  spacing  of  1.2-1. 5  meters  one  month  before 
planting.  Spacing  can  be  closer,  i.e.  90  X  90cm  in  soils  of  low  fertility.  Before 
planting,  fill  up  the  pits  with  soil  mixed  with  farmyard  manure.  Irrigate  and  allow 
to  settle’.  Fill  up  with  soil,  if  there  is  shrinkage.  Plant  one  well  grown  seedling  of 
15-20cm  height  in  each  pit  and  irrigate  the  pit.  Form  one  channel  in  between  tow 
rows  of  pits.  Irrigate  the  pit  immediately  after  planting  and  follow  on  the  third  day. 
Afterwards  it  is  enough  if  irrigations  are  provided  once  in  a  week.  Allow  the  plants 
to  grow  up  to  one  metre  and  then  cut  the  terminal  bud  to  encourage  basal  branching. 
This  will  also  facilitate  to  maintain  the  plant  in  a  bushy  shape  so  that  the  harvest 
will  be  easier.  In  total,  5-6  branches  can  be  maintained.  In  Coimbatore  and  nearby 
areas,  curry  leaf  is  pruned  four  times  in  a  year  and  young  shiny  leaves  are  harvested. 
At  each  pruning,  the  bushes  are  manured  and  irrigated  profusely. 

Manures  and  manuring 

Curry  leaf  needs  high  quantity  of  organic  manure.  Before  planting,  apply  20kg 
of  farmyard  manure  per  pit  and  after  each  pruning  apply  at  20kg  per  pit.  Research 
conducted  at  Tamil  Nadu  Agricultural  University,  Coimbatore  has  indicated  the 
usefulness  of  the  manunal  schedule  of  90  :  10  :  10kg  NPK  per  hectare.  Keep  the 
field  clean  by  frequent  weeding.  Raise  intercrops  of  leguminus  crops  like  cowpea 
or  blackgram  or  greengram  or  soybean  during  the  first  year. 

Plant  protection 

Among  the  pests  attacking  curry  leaf,  the  caterpillars  of  citrus  butterfly  are 
important.  Early  instar  of  larva  is  dark  with  white  patches  resembling  the  droppings 
of  birds.  When  grown,  it  turns  green  in  colour,  stout  and  cylindrical  in  shape.  The 
larvae  can  be  collected  and  destroyed.  If  there  is  heavy  infestation,  Malathion  (1ml/ 

1  litre)  can  be  sprayed.  The  branches  affected  by  psyllid  bugs  and  scales  are  to  be 
removed  then  and  there  or  insecticide  like  Dimethoate  can  be  sprayed  at  1ml/ 
1  litre  of  water.  The  leaves  should  be  plucked  at  least  20-25  days  after  spraying. 
The  leaf  spot  disease  can  be  controlled  by  spraying  Carbendazim  (lg/litre).  Spraying 
of  sulphur  is  to  be  avoided.  No  physiological  disorders  are  recorded  in  curry  leaf. 

Harvesting  and  yield  - 

The  leaves  can  be  clipped  from  young  shoots  at  the  end  of  first  year.  A  total 
number  of  four  harvests  can  be  had.  The  yield  ranges  from  5  tonnes/ha  in  second 
year  to  10  tonnes/ha  in  the  fourth  year.  From  fourth  year  onwards,  the  foliage 
yield  can  be  around  20  tonnes /ha. 
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Post-harvest  management 

The  young  shoots  with  tender  leaves  are  harvested,  packed  in  gunny  bags  and 
transported.  Water  is  sprinkled  on  the  bags.  No  research  has  been  done  on  the 
post-harvest  management  of  curry  leaf.  The  leaves  are  dried  and  ground  into  powder 
and  used  as  curry  leaf  powder. 


Chekurmanis 

(Sauropus  androgynus  Meer) 

S  Thamburaj 

Chekurmanis  ( Sauropus  androgynus  Meer)  is  a  perennial  small  shruby  leafy  vegetable. 
Due  to  high  nutritive  value  it  is  commonly  called  ‘Multivitamin  Greens’. 
Chekurmanis,  occupying  a  prominent  place  in  almost  all  household  kitchen  gardens 
of  Kerala,  has  not  been  cultivated  on  a  large  scale  for  commercial  purpose.  Hence, 
no  data  on  area  and  production  of  this  vegetable  are  available. 

Origin  and  distribution 

The  plant  is  native  of  India  and  Burma  region.  It  is  found  in  the  Sikkim, 
Himalayas,  Khasi,  Abor  and  Akra  hills  at  1,200m  elevations  and  in  the  western 
ghats  of  Kerala  from  Wynad  northwards  at  attitudes  of  300-1 ,200m.  It  is  reported 
to  be  introduced  into  Kerala  from  Malaysia  in  1953  and  is  known  in  Malayalam  as 
‘Madura  Keera’. 

Botany 

The  plant  is  a  slow  growing  glabrous  perennial  shrub  and  attains  a  height  of 
2-3. 5m.  Its  main  branches  are  terete  and  flaccid.  Lateral  branches  are  thin.  Leaves 
are  ovate,  oblong,  sessile,  alternate,  membranous  and  short  stacked.  The 
inflorescence  is  auxiliary  with  small  reddish  flowers.  Flowers  are  monoceious, 
minute,  auxilliary,  pedicelled  and  clustered.  Fruits  sessile,  white  or  pinkish-white, 
0.2cm  in  diameter  with  a  fleshy  epycarp.  The  crop  is  highly  cross-pollinated  and 
entomophilous  because  of  photogynous  and  monoecious  nature  of  flower.  The 
genus  Sauropus  consists  of  several  other  species  like  S.  assimilis  Thw,  S.  netroversus 
Wight,  S  rigidus  Thw  and  S.  qudrangularis  Mwell.  As  a  leafy  vegetable,  it  is  usually 
maintained  as  a  perennial  plant  at  a  height  of  1-1 ,5m  by  frequent  harvest  of  leaves 
and  apical  system.  The  leaves  are  very  rich  in  protein  (6.8— 7.4%  as  compared  to 
3.2%  is  amaranthus),  minerals  and  vitamins.  The  leaves  and  tender  shoots  are 
mainly  used  as  leafy  vegetables  either  as  salad  or  after  frying.  The  leaves  are  also 
said  to  be  used  to  give  a  light  green  colour  to  pastry  and  to  fermented  rice  in  the 
Dutch  East  Indies  and  Java  for  preparation  of  soup. 
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Soil  and  climate 

It  comes  up  well  in  all  types  of  soils.  The  growth  and  yield  are  high  when  they 
are  grown  in  rich,  well  drained  sandy  loam  or  semi-laterite  soils.  A  warm  humid 
climate  with  good  rainfall  is  best  suited  and  it  grows  luxuriantly  at  lower  elevations 
at  500m  above  msl  though  plants  are  found  at  higher  elevations  up  to  1,200m 
above  msl.  When  the  plants  are  raised  under  shade,  it  produces  broader  leaves. 

Varieties 

There  are  no  distinct  varieties  or  types  available  in  this  crop. 

Propagation 

It  is  propagated  by  seeds  and  stem  cuttings.  Seed  propagated  plants  come  to 
harvest  little  later  than  cuttings.  Herbaceous  stem  cuttings  (6-12-months-old)  may 
be  collected  with  5—6  nodes  or  20— 30cm  length  and  planted  in  polybags  containing 
manure  mixture.  Rooting  can  be  hastened  by  dipping  the  cuttings  in  50ppm 
IAA/IBA  before  planting  in  polybag.  It  takes  20-25  days  for  rooting. 

CROP  PRODUCTION 

Usually  it  is  grown  as  hedge  or  fence  around  vegetable  plots  or  in  kitchen  gardens. 
For  planting  a  hectare  area,  about  one  lakh  cuttings  are  required.  The  cuttings  are 
planted  in  shallow  furrows  at  least  15  days  earlier  to  the  onset  of  monsoon  during 
April-May.  Cuttings  are  planted  at  a  spacing  of  60cm  between  the  plants. 

Manuring 

If  the  crop  is  planted  in  pits  (30cm3size),  5kg  of  farmyard  manure  is  added  in 
addition  to  25g  each  of  urea,  superphosphate  and  muriate  of  potash.  Application 
of  30g  of  7  :  10  :  5  NPK  mixture  per  plant  supplemented  with  1%  urea  spray  after 
each  clipping  enhances  leaf  yield  considerably.  When  the  plants  are  about  one 
meter  height,  they  are  tipped  to  develop  laterals.  If  left  untrimmed  in  early  age,  the 
plant  teaches  the  size  of  a  small  tree.  It  can  be  trained  as  hedge  or  even  on  bowers 
or  on  trellises. 

Pests  and  diseases 

The  plant  is  devoid  of  any  serious  pests  and  diseases  except  an  occasional 
incidence  of  scale  insects  and  aphids  which  can  be  controlled  by  spraying  Malathion 
at  lml/litre.  Caution  should  be  taken  not  to  pluck  the  leaves  and  tender  shoots 
immediately  after  spraying  insecticide. 

Harvest  and  yield 

The  first  clipping  of  succulent  leaves  can  be  done  3-4  months  after  plantings, 
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i.e.  when  the  plant  reaches  about  60— 90cm  height  subsequently  in  every  fortnight, 
another  harvest  is  possible,  if  the  plants  are  manured  and  irrigated.  Plants  are 
usually  trimmed  to  1— 1.5m  height  to  facilitate  easy  harvest.  The  tender  shoots 
and  leaves  are  used  for  culinary  purposes.  The  annual  productivity  is  30-50  tonnes/ 
ha  with  a  per  plant  yield  of  l-3kg  leaves  per  year. 


Ceylon  Spinach  or  Water  Leaf 
[Talinum  triangulare  (Jacq)  Wild] 

S  Thamburaj 

It  is  a  soft  mucilaginous  leafy  vegetable  grown  in  the  tropics.  Being  a  shade-loving 
species,  it  is  suitable  for  cultivation  under  other  crop  canopy.  The  leaves  and  tender 
shoots  are  used  as  vegetable. 

Origin  and  distribution 

The  crop  is  native  to  Brazil  and  later  it  was  introduced  to  Java  from  Brazil.  At 
present  it  is  being  cultivated  as  minor  leafy  vegetable  in  India,  Malaysia,  Indonesia, 
Arabian  countries,  USA  and  West  Indies.  The  genus  Talinum  which  has  nearly  50 
other  species  of  annual  or  perennial  herbs  are  more  or  less  succulent,  sometimes 
woody  at  base.  The  related  species  in  which  leaves  are  eaten  as  vegetable  are  T. 
amotti,  T.  caffuram,  T.  patens,  T.  portulecefolium,  T.  crassifolium,  T.  cuneifolium  and 
T.  indicum. 

Botany 

The  plant  is  a  herbaceous  perennial,  erect  or  decumbent  and  35-90cm  in  height. 
The  stem  is  stout,  succulent  and  fleshy.  The  leaves  are  light  green,  shining,  triangular 
in  shape  and  fleshy.  Leaves  are  about  7.5cm  long.  Flowers  are  large  and  pink  in 
racemes.  Seeds  are  black,  small,  smooth  and  mature  rapidly  after  flowering.  Short- 
day  conditions  favour  flowering  and  fruiting.  The  crop  is  highly  self  pollinated. 

Soil  and  climate 

The  crop  prefers  well  drained  soil  rich  in  organic  matter.  It  grows  up  to  an 
altitude  of  1,000m.  Most  humid  conditions  favour  optimum  growth  and 
development  of  the  crop. 

Propagation 

It  is  propagated  through  seeds  or  herbaceous  stem  cuttings.  Seedlings  raised  in 
containers  are  transplanted  in  raised  beds  when  5.8cm  tall.  They  are  planted  at  a 
distance  of  30cm  apart.  As  a  basal  dose,  farmyard  manure  is  applied  at  the  rate  of 
5kg/10m2.  Foliar  application  of  urea  (1.5%)  is  also  beneficial. 


441 


TEXTBOOK  OF  VEGETABLES,  TUBERCROPS  AND  SPICES 


Harvesting 

The  tender  shoots  are  harvested  6-8  weeks  after  planting.  During  short-day 
condition,  flowering  occurs  and  seeds  develop  very  rapidly  affecting  the  cooking 
quality  of  the  vegetable.  Shoots  about  1 5-20cm  length  are  cut  when  leaves  are  fully 
developed.  Terminal  shoots  are  removed  at  first  harvest  to  encourage  lateral  shoot 
development  for  subsequent  harvests.  When  the  branches  form  a  dense  mass,  it  is 
better  to  replace  the  old  plants  with  new  planting. 


Basella 

{Basella  sp.  Linn) 

S  Thamburaj 

It  is  commonly  called  Indian  spmach  or  Malabar  spinach.  The  plant  is  a  climbing 
vine  with  thick  fleshy  stem  and  leaves.  There  are  different  botanical  forms  of  the 
species.  They  are  B.  alba  (dark-green  and  round-to-oval  leaves),  B.  rubra  (red 
coloured  leaves  and  stems),  B.  canmfolia,  B.  cordifolia,  B.  nigra  and  B.  sapomca. 

Origin  and  distribution 

It  is  originated  in  South  Asia  and  distributed  throughout  the  tropics  in  Africa, 
Asia  and  North  America.  It  is  grown  throughout  India. 

Botany 

It  is  a  fleshy  annual  or  biennial,  twining  of  much  branched.  The  stems  are 
fleshy,  succulent,  dark-red-purple  or  yellowish-green,  terete,  glabrous  and  2-1  Om 
long.  Leaves  biseriate,  petioled,  ovate  to  lanceolate,  glabrous  on  both  side. 
Inflorescence-axillary,  solitary,  long  peduncled,  flowers  are  sessile  in  the  axils  of 
the  leaves,  regular,  bisexual,  rose  coloured  or  yellowish-white.  Fruits  are  glabose, 
dark-purple,  juicy,  shining.  The  succulent  leaves  with  petiole  and  tender  stems  are 
cooked  and  eaten  as  vegetable. 

Soil  and  climate 

Basella  grows  very  well  in  warm  moist  climate.  But  it  cannot  tolerate  extremes 
of  temperature.  It  can  be  successfully  grown  under  partial  shade.  A  wide  range  of 
soil  from  sandy  loam  to  clayey  soil  with  sufficient  organic  matter  will  be  the  best 
suited. 


CROP  PRODUCTION 

It  can  be  propagated  by  seeds,  as  well  as  stem  cuttings.  About  12-1 5kg  of  seeds 
would  be  required  to  sow  one  hectare.  For  trailing  on  the  ground  a  spacing  of  60  x 
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30cm  to  60  x  20cm  can  be  adopted.  Rooted  cuttings  can  also  be  used  for  planting. 
A  basal  dressing  of  20—30  tonnes  of  farmyard  manure  and  60  :  60  :  40kg  of  NPK/ha 
has  to  be  applied  before  transplanting/ sowing.  Since  the  succulent  leaves  are  to  be 
harvested,  frequent  irrigation  are  necessary.  During  the  rainy  season,  the  frequency 
can  be  restricted.  Water  stagnation  should  be  avoided.  When  the  plants  start  trailing, 
they  should  be  trained  on  the  support.  Shallow  hoeing  in  between  the  plants  is 
done  as  and  when  necessary. 

Plant  protection 

Damping  off,  leaf  spot  and  mosaic  disease  are  common.  The  seeds  can  be 
treated  and  soil  can  be  sterilized  before  sowing.  To  the  extent  possible  it  is  advisable 
to  avoid  the  edible  part  to  be  sprayed  with  insecticide/ fungicides. 

Harvest  and  yield 

The  first  cutting  starts  from  45-60  days  after  planting.  A  quantity  of  15-20 
tonnes  of  green  matter  can  be  harvested  from  a  hectare  in  a  crop  duration  of  120 — 
1 50  days. 


Minor  Tubercrops 

P  G  Rajendran  and  J  Sreekumar 

The  minor  tuber  crops  comprises  root  and  tuber  crops  which  are  edible  but  grown 
in  a  limited  area,  also  used  to  a  limited  extent  only.  These  crops  are  given  very  low 
priority  in  the  agricultural  scenario  of  the  country.  However,  some  of  them  have 
high  potential  and  they  are  yet  to  be  properly  exploited.  This  group  of  food  plants 
can  easily  substitute  cereals  in  view  of  their  high  carbohydrate  and  calorific  con¬ 
tent.  Many  of  these  crops,  due  to  their  physiological  constraints  or  lack  of  adapt¬ 
ability  have  not  spread  further  than  their  native  habitat.  The  plant  characteristics, 
cultivation  practices  and  uses  of  some  of  these  crops  are  discussed  below: 


Coleus  (Chinese  potato) 

[Solenostemon  rotundifolius  (Poir)] 

Coleus  commonly  known  as  Chinese  potato  produces  edible  tubers  which  can  be 
used  as  a  vegetable  and  is  an  important  minor  tuber  crop  grown  extensively  in 
most  of  the  homestead  gardens  in  Kerala  and  Tamil  Nadu.  The  genus  Coleus 
belongs  to  the  family  Labitae  contains  about  200  species  including  ornamental  and 
medicinal  plants.  It  is  believed  to  have  originated  in  Africa.  It  is  a  small,  bushy 
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annual  herb  with  succulent  stems  and  aromatic  leaves.  It  grows  to  a  height  of  30- 
60cm.  Leaves  are  opposite,  dark  in  colour,  petioled  and  round-to-ovate  in  shape. 
Flowers  are  small  and  arranged  in  racemose  cymes,  the  two  liped  calyx  and  corolla 
were  uniformly  greenish-brown  and  violet,  coloured  respectively.  Anther  and  stigma 
are  also  violet  in  colour.  It  bears  a  cluster  of  dark-brownish,  hetermorphus  tubes. 
The  duration  of  the  crops  is  about  5  months. 

Climate  and  soil 

The  crop  thrives  well  under  tropical  and  subtropical  conditions.  The  crop 
requires  a  well  drained  fertile  soil. 

Variety 

No  distinct  variety  is  identified  in  the  intensively  cultivated  pockets  of  Kerala 
and  Tamil  Nadu.  The  relative  absence  of  morphological  and  genetic  variability 
may  be  the  consequence  of  vegetative  reproduction  and  since  the  crop  is  com¬ 
pletely  sterile,  hybridization  and  further  improvement  is  not  possible.  Sree  Dhara 
is  a  released  variety  in  Kerala  which  recorded  an  yield  of  25-29  tonnes/ha. 

Planting  material 

Propagation  is  done  by  vine  cuttings.  For  the  production  of  vine  cuttings, 
tubers  are  first  planted  on  flat  beds.  One  kilograms  tuber  is  planted  in  lm2  area. 
The  tuber  starts  sprouting  in  about  one  week  and  grow  to  a  height  of  15-20cm  in 
two  weeks.  Nursery  raised  with  one  kilograms  tuber  is  sufficient  to  plant  75-100 
m2.  The  crop  can  be  raised  both  under  upland  and  low  situations  where  there  is  no 
water-logging.  The  land  is  ploughed  or  dug  to  a  depth  of  15-20cm  and  brought  to 
a  fine  tilth.  The  crop  can  be  planted  either  on  flat  raised  beds  or  on  small  ridges. 

Spacing 

Optimum  plant  population  would  be  55,000/ha  with  a  spacing  of  60x30cm. 
Intercultural  operation. 

Intercultural  operation 

A  weeding  and  earthing  up  six  weeks  after  planting  alongwith  top  dressing  of 
fertilizers  is  suggested.  It  is  important  to  cover  a  portion  of  the  stem  with  soil  to 
promote  better  tuberization  and  development.  One  more  earthing  up  has  to  be 
given  one  month  after  the  first  earthing  up. 

Harvest 

The  crop  is  ready  for  harvest  in  about  five  months.  Yield  range  is  10-15 
tonnes/ha. 
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Winged  Bean 

(Psophocarpus  tetragonolobus  L.) 

The  plant  is  a  twining,  glaberous,  perennial  herb,  but  usually  grown  as  annual.  The 
green  pods,  immature  seeds,  young  leaves,  flowers  and  tubers  are  eaten  as  vegeta¬ 
ble.  In  India  it  is  commonly  known  as  Goa  bean.  The  winged  bean  is  exceptional 
among  all  food  plants  because  practically  all  parts  are  edible  and  is  produced  at 
every  stage  of  the  life  cycle. 

Uses 

The  young  pods  are  succulent  and  eaten  as  cooked  vegetable.  They 
contain  appreciable  amount  of  calcium,  iron,  thiamine  and  ascorbic  acid. 
Mature  pods  become  tough  and  fibrous.  The  tuberous  roots  are  eaten  as  a 
delicacy.  Dried  roots  contain  moisture  9.9%,  protein  24.6%,  carbohydrates 
56.1%,  fibre  5.4%,  fat  1%  and  ash  3.9%.  The  starch  grains  of  tubers  vary  in 
size  and  shapes.  The  young  leaves  are  also  eaten  as  a  vegetable. 

Origin  and  distribution 

It  is  believed  to  be  native  of  either  India  or  Mauritius  or  originated  in  the 
African  region  where  all  the  4-5  species  of  this  genus  are  found  wild.  It  is  a 
perennial  climber  with  tuberous  roots  cultivated  in  India,  Burma,  tropical 
Africa,  Asia  and  Madagascar  for  its  edible  pods  and  tuberous  roots.  In  India 
it  is  cultivated  in  Maharashtra,  Bihar,  Orissa,  West  Bengal,  Assam,  Tamil 
Nadu  and  Kerala. 

Climate  and  soil 

It  thrives  best  in  light,  well  drained,  ioamy  soils  and  warm  humid  regions  with 
partial  shade.  It  can  be  grown  as  a  green  manure  cover  crop,  fodder  crop  and 
restorative  fallow  crop  because  of  its  nodulation.  It  prefers  comparatively  warm 
and  humid  regions.  The  optimum  temperature  for  tuberization  is  16°-25°C.  The 
high  temperature  promotes  vegetative  growth,  but  inhibits  tuberization. 

Seed  rate 

The  seeds  are  sown  in  early  rainy  season.  Generally  50-60kg  of  seeds 
are  sufficient  for  planting  one  hectare  land. 

Cultural  practices 

Earthing  up  around  the  plant  after  3  months  of  planting  will  induce  tuber 
formation. 
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Harvesting 

The  pods  are  harvested  before  they  mature.  Each  vine  yields  about  25  pods 
within  every  5  or  6  days  and  will  continue  if  the  vines  are  manured  every  2  or  3 
weeks.  The  yield  of  tubers  vary  from  2.5-6  tonnes/ha. 


Giant  Taro 

[Alocasia  indica  (Roxb.)] 


Uses 

The  fleshy  aerial  stems  of  the  giant  taro  is  the  primary  product.  The  stem  tuber 
is  cut  into  pieces  and  eaten  as  a  vegetable  after  cooking,  usually  in  curries  or  stews. 
Giant  taros  are  sometimes  used  as  a  source  of  very  white  easily  digested  starch  or 
flour.  The  underground  stems  are  also  used  for  food  after  thorough  cooking.  The 
leaves  may  be  used  for  medicinal  purposes  in  India  and  Pacific  Islands. 

Origin  and  distribution 

The  giant  taro  is  thought  to  have  originated  in  Sri  Lanka,  but  has  become  widely 
distributed  in  South  East  Asia  subcontinents,  Malaysia,  Indonesia  and  Polynesia 
and  has  spread  to  parts  of  America.  Three  species,  A.  indica,  A.  macrorhiza  and  A. 
cucullata  are  cultivated  in  Assam  and  West  Bengal  as  food  crop. 

Climate  and  soil 

The  species  is  essentially  tropical  and  temperatures  below  10°C  are  detrimental 
to  growth.  It  requires  reasonably  high  evenly  distributed  rainfall  and  cannot  sur¬ 
vive  a  long  period  of  drought.  It  is  found  naturally  along  nver  banks,  but  cannot 
withstand  water-logging.  The  plant  grows  well  in  medium  to  heavy  soils  provided 
drainage  in  adequate. 

Planting  material 

Suckers  are  commonly  used,  but  shoot  tips  with  a  few  inches  of  stem  and 
rolled  up  young  or  sections  of  stem  having  two  or  three  buds  are  also  frequendy 
used. 

Method 

Planting  is  dome  in  holes,  1 5-20cm  deep  for  suckers  or  8-1 5cm  deep  for  cormels. 
Alocasia  is  commonly  grown  as  intercrop  with  yams  and  the  spacing  is  usually 
3.5  x  3.5m.  If  grown  as  a  sole  crop  a  spacing  of  60  x  60cm  to  1.5  x  1.5m  is 
used. 
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Harvesting 

Crop  life  is  usually  12-18  months.  Harvesting  is  done  manually  by  digging.  The 
plant  corm  remains  in  the  ground  for  about  3  months  after  reaching  maturity 
without  any  deterioration. 


Queensland  Arrowroot  or  Purple  Arrowroot 
(Canna  indica  L.) 

The  genus  Canna  includes  about  25  species  of  herbs,  widely  distributed  through¬ 
out  the  tropics  and  sub  tropics.  It  is  perennial,  herbaceous  monocotyledon.  The 
stems  are  usually  purple,  normally  0.9-1. 8m  in  height.  The  leaves  are  large,  broad, 
pointed  and  entire  with  a  marked,  thick  midrib.  The  branched  fleshy  rhizome  is 
about  60cm  long  with  thick  fibrous  roots. 

Uses 

The  young  rhizomes  are  eaten  as  a  vegetable  and  cooked  tubers  are  delicious. 
The  young  shoots  and  petioles  are  used  as  a  fodder. 

Origin  and  distribution 

Canna  edulis  appears  to  have  originated  in  the  Andean  region  of  South  America 
or  Peruvian  coast  and  extended  from  Venezuela  to  northern  Chile.  In  Japan  it  is 
grown  as  a  fodder  crop. 

Climate  and  soil 

Queensland  arrowroot  can  be  grown  at  sea  level  and  can  thrive  up  to  an  altitude 
of  2,500m.  It  does  best  with  a  moderate,  evenly  distributed  rainfall,  although  it  can 
withstand  periods  of  drought  satisfactorily.  The  crop  can  grow  on  most  of  the  soil 
except  clays,  provided  there  is  adequate  drainage.  The  best  yields  are  obtained  in 
deep  sandy  loams,  rich  in  humus. 

Spacing  and  seed  rate 

A  spacing  of  90x90  cm  is  recommended  on  heavier  soils,  where  weed  growth  is 
likely  to  be  a  problem  120x120cm  is  better.  The  optimum  seed  rate  is  2.5  tonnes/ha. 

Planting 

It  is  normally  propagated  from  the  underground  fleshy  rhizomes.  Healthy 
undamaged,  properly  developed  rhizomes  are  used,  as  a  precaution  against  rotting 
the  rhizomes  are  dipped  in  a  10%  solution  of  copper  sulphate  before  planting. 
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The  field  is  thoroughly  ploughed  and  weeds  are  cleared  before  planting.  The 
rhizomes  are  planted  12.5-1 5cm  deep  in  furrows  and  kept  free  of  weeds  during 
the  initial  stages  of  growth. 

Harvesting 

The  young  rhizomes  can  be  harvested  after  five  months  for  cooking  purpose 
but  for  the  production  of  starch  the  harvest  should  be  done  at  15-18  months.  The 
stalks  are  usually  cut  by  hand  and  the  rhizomes  which  form  a  mass  near  the  surface 
of  the  soil  are  either  dug  by  hand  or  by  a  tractor.  The  rhizomes  are  then  scraped 
free  from  soil  by  hand  and  can  be  stored  for  several  weeks  without  deterioration 
provided  they  are  kept  cool  and  dry.  For  starch  manufacture  they  must  be  proc¬ 
essed  immediately.  Yields  vary  considerably  according  to  length  or  growing  sea¬ 
son,  climatic  and  soil  conditions  with  a  range  of  25-30  tonnes/ha. 


West  Indian  Arrowroot 
( Maranta  arundinacea  L.) 

The  genus  Maranta  includes  20  species  of  perennial  herbs.  One  species  M. 
arundinacea  is  cultivated  for  its  edible  rhizome.  It  is  an  erect  herbaceous,  dichoto- 
mously  branched  perennial  with  0.6-1. 8  m  in  height.  The  inflorescence  are  termi¬ 
nal  bearing  few  white  flowers.  The  rhizomes  are  fleshy,  cylindrical,  swollen  and 
thickened  towards  the  apex.  According  to  the  colour  of  rhizomes,  blue  and  yellow 
types  are  reported. 

Uses 

The  bulk  of  the  material  is  used  for  the  production  of  starch  soon  after  harvest. 
Later  the  starch  content  declines  and  sugar  content  is  increased.  The  analysis  of 
fresh  rhizomes  showed  that  it  contains  moisture  63.4%,  starch  27.8%,  fibre  3.0%, 
dextrin  and  sugar  2.1%,  crude  protein  1.6%,  ash  0.9%  and  fat  0.2%.  The  rhizomes 
are  eaten  boiled  or  roasted  and  made  into  pastries.  The  leaves  of  the  plant  is  used 
as  a  packing  material  for  fish  and  meat. 

Origin  and  distribution 

It  is  originated  in  the  northern  South  America  and  the  Lesser  Antilles.  It  has 
been  widely  distributed  throughout  the  tropical  countries  like  India,  Sri  Lanka, 
Indonesia,  Philippines,  Australia  and  West  Indies.  The  plant  grows  wild  in  some 
parts  of  India  and  it  is  cultivated  in  Uttar  Pradesh,  Bihar,  Orissa,  West  Bengal, 
Assam  and  Kerala. 
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Climate  and  soil 

Arrow  root  is  a  tropical  plant,  grows  best  at  temperature  of  20°-30°C.  Opti¬ 
mum  yields  are  obtained  where  the  rainfall  evenly  distributed  and  with  short  dry 
season.  This  normally  grows  from  sea  level  up  to  about  900m  but  does  well  near 
the  sea  at  elevation  of  60-90m.  Arrow  root  requires  deep,  well  drained,  shghdy 
acid,  loam  soils  for  optimum  yield.  It  also  grows  in  sandy  soil  and  partial  shade  in 
beneficial. 

Planting 

Planting  usually  starts  at  the  beginning  of  the  rainy  season.  The  land  is  ploughed 
and  bits  are  planted  5. 0-7. 5cm  deep  and  30cm  apart.  Approximately  3, 000-3, 500kg 
of  bits  are  required  to  plant  one  hectare.  Irrigation  during  the  growing  period  and 
the  flowers  are  nipped  off  as  they  appear. 

Harvesting 

The  rhizomes  are  ready  for  harvesting  when  the  leaves  begin  to  wilt  and  die 
usually  in  10-11  months  after  planting.  Harvested  rhizomes  are  20-45cm  long  and 
2.5cm  thick.  The  yield  of  rhizomes  vary  from  4-7  tonnes/ha  and  higher  yield  of  12 
tonnes/ha  has  been  recorded  under  favorable  conditions. 


Jerusalem  Artichoke 
[Helianthus  tuberosus  (L.)] 

Helianthus  is  a  genus  of  67  species  of  annual  or  perennial  herbs,  mosdy  native  of 
Central  and  South  America.  Some  of  the  species  are  grown  in  India  for  ornamen¬ 
tal  purposes  and  only  two  species  H.  annus  and  H.  tuberosus  are  economically 
important.  Helianthus  tuberosus  is  an  erect,  hardy  tuberous  perennial,  but  normally 
grown  as  an  annual,  cultivated  for  its  edible  tubers  in  Europe,  parts  of  Asia  and 
through  out  the  southern  hemisphere.  The  plant  is  grown  in  India  to  a  limited 
extent  in  gardens  and  hill  stations.  It  is  grown  in  Assam,  Bengal,  Uttar  Pradesh, 
Maharashtra,  Gujarat  and  Andhra  Pradesh. 

Uses 

The  tubers  may  be  eaten  raw  or  boiled;  they  are  also  pickled,  made  into  chips  or 
ground  into  flour.  They  are  considered  equal  topot^toes  in  food  value.  Analysis  of 
tuber  showed  that  it  contains  moisture  71.4 — 84.2%;  protein  0.9— 3.3%;  ash  0.9— 2.5; 
crude  fibre  0. 3-3.0%  and  fat  0. 1-2.5%.  The  carbohydrate  content  varies  from  8- 
19%  depending  on  the  type,  size  and  shape  of  the  tubers.  Besides  levulose  and 
glucose  a  whole  series  of  glucofructosans,  from  sucrose  to  inulides  are  the  princi- 
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pal  carbohydrates  in  the  tuber.  The  concentration  of  inulides  increases  during  storage 
at  the  expense  of  inulin  through  the  action  of  inulase. 

Jerusalem  artichole  is  a  commercial  source  of  leviilose  used  as  a  sweetening 
agent  by  diabetic  patients.  The  tubers  may  also  be  utilised  for  the  preparation  of 
industrial  alcohol  and  beer-like  beverages.  Tubers  are  used  as  a  feed  for  live  stock. 
A  rich  palatable  feed  of  good  digestibility  and  comparable  to  sugar  beet  in  feeding 
value  is  obtained  by  ensilage.  The  nutritive  value  of  the  tuber  is  digestible  protein 
1.2%  and  digestible  nutrients  15.9%  and  nutritive  ratio  12:3  (Kay,  1987).  The  yield 
of  tuber  is  greatly  reduced  by  the  early  cutting  of  tops.  Green  tops  and  stems  of 
young  plants  are  used  and  the  stalks,  when  treated  by  a  soda  chlorine  process  yield 
about  20%  of  pulp  suitable  for  paper  making. 

Climate  and  soil 

It  grows  under  a  wide  range  of  climate  and  soil  conditions.  Most  of  the 
cultivars  require  a  growing  season  of  at  least  125  frost  free  days  and  opti¬ 
mum  yields  are  obtained  in  a  temperature  range  of  18°-26°C.  The  yield  is 
normally  higher  under  long-day  conditions.  It  is  well  adapted  to  rich  sandy,  light 
loams  and  Alluvial  soils  but  does  not  thrive  in  wet  and  heavy  soils. 

Planting 

Propagation  is  vegetative  by  using  disease  free  small  sets  or  tubers  with  2-3  eye 
buds,  weighing  approximately  50g.  The  soil  should  be  ploughed,  manured  and 
material  is  planted  about  10cm  deep  and  30-45cm  apart  in  rows,  the  spacing  be¬ 
tween  the  rows  being  60— 90cm.  Planting  is  done  during  March  to  May  in  the 
plains  and  February  to  April  in  hills.  Irrigation  may  be  necessary  once  a  week 
during  the  dry  period  and  one  or  two  weedings  are  needed. 

Harvesting 

The  tubers  are  ready  for  harvest  when  the  leaves  begin  to  wither  and  die.  They 
are  usually  lifted  manually  only  as  required,  since  they  can  be  ‘field  stored’  without 
any  deterioration  in  their  quality  or  flavour.  The  tubers  shrivel  up  on  exposure  and 
cannot  be  kept  for  more  than  a  few  weeks  except  under  cold  storage  and  high 
humidity  of  90-95%. 


Chinese  Water  Chestnut 
[Eleocharis  dulcis  (Burm.  F)] 

Eleocharis  is  a  large  genus  of  perennial  leafless  sedge  commonly  found  in  marshes 
and  swams  throughout  the  world.  About  fourteen  species  are  recorded  in  India  of 
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which  2  species  are  of  economic  importance  and  found  through  out  India  up  to  an 
altitude  of  3,000  feet  growing  in  shallow  lakes  and  swamps.  Eleocharies  dtilcis  is  a 
stout,  tufted  sedge  with  culms  with  0.3-1 .0m  height  arising  from  a  rounded  corm 
of  tuber,  bearing  a  large  number  of  radiating  stolons,  each  ending  in  a  corm. 

Uses 

The  edible  tubers  are  rich  in  starch.  The  starch  grains  are  very  large,  up  to  27u 
in  size  with  unique  histological  properties.  The  grains  may  be  round  or  they  may 
have  regular  geometric  shapes.  The  flesh  of  the  tuber  is  white  and  of  uniform 
consistency.  They  are  cooked  and  served  in  salads  and  soups.  The  fresh  tuber 
contains  water  77.3%,  starch  7.3%,  sucrose  6.4%,  reducing  sugar  1.9%,  protein 
1.5%,  fibre  0.9%  and  fat  0.2%.  In  India,  it  is  sold  in  Calcutta  under  the  name 
‘Singapun  Keysur’. 

Origin  and  distribution 

Eleocharis  dulcis  grows  wild  in  many  parts  of  India,  South  East  Asia  and 
Polynesia.  It  was  first  cultivated  in  South-East  China  in  humid  monsoon 
areas  and  in  now  also  grown  commercially  in  Japan,  Hong  Kong,  Philip¬ 
pines,  Hawaii  and  other  Pacific  islands,  India  and  the  southern  USA. 

Climate  and  soil 

A  long  warm  growing  period  is  required,  with  at  last  220  frost  free  days,  and  a 
soil-temperature  of  14°-15°C  is  necessary  for  germination  of  the  corms.  For  opti¬ 
mum  yields  a  rich  clay  or  peaty  soil  with  a  pH  of  6.9— 7.3  is  required. 

Planting 

Small  corms  are  used.  The  corms  may  be  planted  directly  in  the  field  or  usually 
in  temperature  climates,  the  crop  is  first  grown  in  the  nursery  and  transplanted 
when  the  top  growth  is  20-30cm  high.  In  USA,  a  spacing  of  75  x  75cm  has  been 
recommended.  In  China,  triangular  spacing  of  45-60cm  and  45cm  between  plant 
is  common  practice. 

Harvesting 

Harvesting  normally  takes  place  after  the  culms  have  turned  brown  or  been 
killed  off  by  frost.  Plants  usually  reach  in  maturity  in  7-8  months.  In  China,  an 
yield  range  of  20-40  tonnes/ha  has  been  reported;  whereas  the  mean  yield  in  USA 
in  28  tonnes/ha. 
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